This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



® 



Europaisches Patentamt 
Eur pean Patent Offic 
Office europden des brevets 



© Publication number. 



0 368 269 

A2 



® 



EUROPEAN PATENT APPLICATION 



© Application number 89120677.3 
© Date of filing: 08.11.89 



© mt.CiAG11B 21/08, //G11B5/596 



® Priority: 10.11-88 US 269779 

© Date of publication of application: 
16.05.90 Bulletin 90/20 

© Designated Contracting States: 
BE DEFRGB ITLUNLSE 



© Applicant: INSITE PERIPHERALS, INC. 
4433 Fortran Drive 
San Jose, CA. 95134(US) 

© Inventor: Godwin, Jimmy D. 
3369 Walton Way 
San Jose, CA 95117(US) 
Inventor: Williams, Roger O. 
47267 Rancho Higuera 
Fremont, CA 94539(US) 
Inventor: Williams, Stephen P. 
764 North Fourth Street 
San Jose, CA 95112(US) 
Inventor Otis, Alton B. t Jr. 
239 Roosevelt Way 
San Francisco, CA 94114(US) 



© Representative: Blumbach Weser Bergen 
Kramer Zwlmer Hoffmann Patentanwatlte 
Sonnenberger Strasse 100 
D-6200 Wlesbaden(DE) 



© Magnetic media containing reference feature and methods for referencing magnetic head position 
to the reference feature. 



© A magnetic medium including a physical refer- 
ence feature for conveying positional information to a 
magnetic read/write head. The reference feature is 
made by indelibly marking a pattern on a surface of 
the medium such as by inscribing the metal oxide 

3 coating on the medium surface or by chemical etch- 
ing or photolithography of the surface. Magnetic data 
0>is written on the surface of the medium and when 
*Odata written on the reference feature is read, a 
^modulated read back signal is observed which in- 
OOdicates the position of the reference feature. The 
position of the reference feature is used to direct the 
read/write head to track zero or to some other posi- 
Otion on the medium surface. By using a second 
(^magnetic read/write head to writ data on a second 
UJ surface of the medium in response to the modulated 
readback signal, an electronic reference track can be 
written on the second surface for providing positional 



information to the second magnetic read/write head. 
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Magnetic Media Containing Reference Feature And Methods For Ref renclng Magneti Head Positi n 

To Th Reference Feature 



The present invention relates generally to a 
magnetic information storage medium and more 
particularly to such a medium having a reference 
feature marked on its surface for orienting a mag- 
netic read/Write head and for allowing track zero to 
be defined. 

The track density of magnetic storage disks for 
conventional floppy disk drives is approximately 
forty-eight to one hundred thirty-five tracks per inch 
(TPI). In contrast optical disk drives are capable of 
achieving track densities in excess of 15,000 TPI. 
These higher track densities are achieved through 
the use of closed loop optical servos that allow an 
optical read/write head to follow data track ec- 
centricities caused by defects in the medium and 
by disturbances from outside forces. In rigid type 
magnetic disk drives, track densities of up to 1500 
TPI are presently used. These drives commonly 
have multiple disks in which both sides are used 
for data. To achieve the high track density a dedi- 
cated surface of one of the disks is used for 
magnetic track servo information. 

In order to utilize the multiple data tracks on 
flexible and rigid magnetic disk drives, a method 
for labeling the various data tracks is required. 
Typically, data storage disk drives have a location 
called track zero from which all other tracks are 
referenced. In conventional floppy disk drives, the 
track zero position is set by an adjustment of the 
stepper motor when the motor is locked at phase 
zero. Each data track is then a subsequent number 
of steps from the zero phase. Track zero is typi- 
cally on the outer radius of the diskette. Since the 
stepper motor that positions the carriage is run in 
an open loop mode (no position feedback from the 
disk), the track zero position must be set very 
accurately from drive to drive. If not, the track zero 
location written on a disk by one drive might be in 
a different position than the track zero location on a 
disk written by a different drive. This could elimi- 
nate the interchangeability of media between disk 
drives. 

Rigid media type disk drives (e.g. Winchester 
type drives) have track densities approximately ten 
times that of conventional floppy drives. A small 
error in detecting the position of track zero could 
result in a large offset of the read/write head to the 
data track. This is usually not a problem, however, 
since the media is formatted on the same drive that 
it is used in. Media is never removed from the 
drive so track zero position errors do not propa- 
gate. 

Drives having multipl recording heads driven 
by a single positioning mechanism normally rely on 



* a single reference device for determining track 
zero. Temperature, humidity and mechanical ef- 
fects will cause both the media and head mecha- 
nisms to change their initial relationships with time 

5 and thus limit the maximum track density that can 
be achieved. If the media is removable the problem 
is compounded by the mechanical alignment toler- 
ance from drive to drive. 

In U.S. Patent Application Serial No. 

10 07/202,719, filed June 3, 1988. an apparatus and 
method are disclosed for inscribing physical fea- 
tures on a surface of a magnetic medium for pro- 
viding optical servo tracking information. 

At least two techniques have been reported for 

75 utilizing a mark inscribed in the metal oxide coating 
of a magnetic disk. Guglielmino. in U.S. Patent 
4,584,641, issued on April 22, 1986, discloses a 
technique for preventing unauthorized copying of a 
program recorded on the magnetic disk in which a 

20 permanent mark is made on the magnetic disk, 
such as by scratching the metal oxide layer. Simi- 
larly, Brotby, in U.K. Patent Application 2,131,580 
A, filed November 1, 1983, discloses a technique 
for placing a permanent defective area on the sur- 

25 face of a magnetic disk for preventing unauthorized 
copying of a program recorded on the disk. 

Various techniques have been reported for us- 
ing optical means for acquiring track following ser- 
vo information contained on a magnetic recording 

30 medium. For example, Ahn, et al., in U.S. Patent 
4,633,451, issued on December 30, 1986, "Optical 
Servo For Magnetic Disks", discloses the use of a 
laser diode to read track following servo informa- 
tion in the form of a plurality of spots contained in 

35 an optical layer positioned above a magnetic re- 
cording layer. 

DiStefano, et al., in U.S. Patent 4,570,191, is- 
sued on February 11, 1986, for "Optical Sensor For 
Servo Position Control", discloses a servo sensor 

40 comprising a light source and a light detector, 
axially aligned and contained on a single semicon- 
ductor chip. 

M. Johnson, in U.S. Patent 4,558,383, issued 
on December 10, 1985, for "Information Storage 

45 Disk Transducer Position Control System Using a 
Prerecorded Servo Pattern Requiring No Alignment 
With The Storage Disk", discloses a servo appara- 
tus having a sensor for detecting a pattern of spots 
on a surface of an information storag medium. 

so The spots comprise a dense array of substantially 
translation invariant marks and separate information 
recording tracks are detected by measuring the 
rate at which the spots are detected. 

J.Cocke, et al., in U.S. Patent 4,587,579, issued 



2 



3 



EP 0 368 269 A2 



4 



on May 6, 1986, for "System for P sition Detection 
On A Rotating Disk", disclose a servo control sys- 
tem comprising a detector for reading a plurality of 
spiral radial-position-encoding patterns on a me- 
dium. 

A.S. Hoagland, in "Optical Servo Of Magnetic 
Recording". IBM Technical Disclosure Bulletin, Vol. 
20(10), page 4108 (March 1978), suggests a sys- 
tem for achieving optical servo control where a 
flexible disk medium includes a plurality of optical 
servo tracks positioned underneath a magnetic lay- 
er. 

D.A. Thompson, et al., in "Embossed Servo 
Techniques For Floppy Disks**, IERE Conference 
Proceedings, No. 43. page 321 (July 1979), sug- 
gest the use of embossed marks on flexible mag- 
netic media for obtaining non-magnetic optical or 
capacitive servo information. 

N. Koshino and S. Ogawa, in "Optical Method 
Of The Head Positioning In Magnetic Disk Sys- 
tems", preprint from IEEE Transactions on Mag- 
netics (1980). discloses an optical head for achiev- 
ingTack following servo control which is mounted 
on the head arm and which includes an LED light 
source and three optical fibers for delivering light to 
a medium. The medium comprises a plurality of 
circular optical tracks, dyed black, and located un- 
derneath a magnetic film. 

In U.S. Patent Application Serial No. 
07/178,542. filed April 7, 1988. an optical servo 
tracking head is disclosed for reading optical servo 
tracking information contained on magnetic media 
comprising nonreflecting servo areas situated ar- 
ound reflective land areas. 

Related work has occurred in the laser video 
disk area, from which optical disks for digital data 
storage and the audio laser disk (CD) have 
evolved. A laser and associated optics are used to 
acquire servo information as well as read data from 
the disk. The data can be inscribed during a mas- 
tering process as in video and audio disks or it can 
be written by the read/write laser as in disks for 
digital information storage. 

K.D. Broadbent. in "A Review of the MCS 
Disco-Vision System". Journal of the SMPTE 
(1974), describes the Laser Video mastering tech- 
niques as well as the servo and read back meth- 
ods. The mastering machine uses an argon laser to 
ablate pits in a metallic layer which is deposited on 
a glass plate. Disks are replicated from the master 
which contain servo information as well as the 
video data. A technique for deriving the servo in- 
formation is described. 

None of these techniques describe a method 
for utilizing the presence of a r ference feature on 
the surface of a magnetic medium for directing a 
magnetic read/write head or an optical servo head 
to a position from which a plurality of data tracks 



can be ref renced. 

It is therefore an object of the present invention 
to provide a magnetic disk configuration that per- 
mits simpl r designation of track zero on disk 
*s drives that utilize a magnetic read/write head. 

It is another object of the present invention to 
provide a magnetic disk configuration that in- 
creases the accuracy with which track zero is set. 

It is another object of the present invention to 
w provide a magnetic disk configuration that in- 
creases the reproducibility of track zero between 
disk drives. 

It is another object of the present invention to 
provide a magnetic disk configuration that can be 

is used to center the magnetic read/write head be- 
tween optical or magnetic servo-tracking areas. 

Briefly, the preferred embodiment of the 
present invention includes a circular magnetic me- 
dium, such as a floppy disk, having a physical 

20 reference track indelibly marked on one surface of 
the disk. When a magnetic read/write head passes 
over the reference track, the read back signal from 
the head changes. The pattern of the physical 
reference track is chosen so as to maximize the 

25 change in the read back signal. In the preferred 
embodiment, the physical reference track com- 
prises a plurality of pits inscribed in the surface of 
the disk with a noninscribed land area positioned 
between each two adjacent pits. Higher amplitude 

30 data is recorded on the land areas than on the pits 
thereby producing the change in the read back 
signal. The pits are all located an equal distance 
from the center of the disk on a circle of radius r r6 |. 
Typically, r^ is chosen so that the reference track 

35 is positioned along an outer circumference of the 
disk. This prevents interference of the magnetic 
head with an optical servo tracking head reading 
servo tracking information along an inner circum- 
ference. A plurality of equally spaced land areas 

40 are radially positioned between each pit. Many 
other patterns are possible for the reference track 
such as a continuous circular groove inscribed in 
the disk surface. Additionally, the reference track 
could be marked on the disk surface by various 
45 methods such as photolithography or chemical 
etching. 

To designate track zero in a disk drive utilizing 
the reference track of the present invention, the 
read back signal from the magnetic head is ob- 

50 served as the magnetic head is scanned over the 
area around the reference track. When the read 
back signal Indicates that the magnetic head is 
positioned over the center of the reference track a 
servo motor, which controls the positioning of the 

55 magnetic head, is locked into place over the refer- 
ence track. The servo motor is then advanced a 
predetermined number of steps to a position that is 
defined as track zero. 
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In disk drives that utilize optical servo tracking 
featur s n the medium to xecute the servo track- 
ing function, the reference track can also be used 
to align the magnetic head between adjacent servo 
tracking features. For example, if the servo tracking 
features comprise a plurality of concentric rings 
inscribed in the surface of the magnetic medium, 
the magnetic head can be aligned between the 
concentric rings by determining the reference track 
center as described above. The offset between the 
servo track center and the reference track center is 
stored and used to adjust the servo position at 
each track location so that the magnetic head is 
centered between adjacent servo rings. In a disk 
drive that utilizes magnetic servo tracks, a similar 
procedure can be utilized to center the magnetic 
head between adjacent magnetic servo tracks. 

An advantage of the present invention is that 
track zero can be located by direct reference to the 
reference track indelibly marked on the surface of 
the magnetic disk. 

Another advantage of the present invention is 
that the absolute position of track zero is set by the 
reference track. 

Another advantage of the present invention is 
that the accurate positioning of track zero permits 
magnetic media having the high track densities of 
rigid magnetic media to be interchanged among 
disk drives. 

Another advantage of the present invention is 
that the reference track can be used to position the 
magnetic read/write head between adjacent optical 
or magnetic servo tracks. 

Another advantage of the present invention is 
that the location of the reference track does not 
interfere with the reading of the servo tracking 
information. 

These and other objects and advantages of the 
present invention will no doubt become obvious to 
those of ordinary skill in the art after having read 
the following detailed description of the preferred 
embodiments which are illustrated in the various 
drawing figures. 

Fig. 1 is a top view of a circular magnetic 
medium including an indelible reference track ac- 
cording to the present invention; 

Fig. 2 is a cross-sectional view of the mag- 
netic medium taken along line 2-2 of Fig. 1; 

Fig. 3 is a top view of an alternative embodi- 
ment of a magnetic medium according to the 
present invention; 

Fig. 4 is a cross-sectional view of the mag- 
netic medium taken along line 4-4 of Fig. 3; 

Fig. 5 is a top view of another alternative 
embodiment of a magnetic medium according to 
the present invention; 

Fig. 6 is a top view of an apparatus for 
positioning a magnetic read/write head over a mag- 



netic disk; 

Fig. 7 is a sid view of the magnetic head 
and an optical head positioned over a disk contain- 
ing a permanent reference track; 
5 * Fig. 8 is a graphical representation of a 

square wave signal received by the magnetic head 
as it passes over the indelible reference track of 
Fig. 1; and 

Fig. 9 is a side view of ah upper magnetic 
w head and a lower magnetic head positioned about 
a magnetic disk containing an indelible reference 
track and an electronic reference track. 

Fig. 1 shows a permanently referenced mag- 
netic disk represented by the general reference 
75 numeral 12 and comprising a permanent reference 
track 14, a plurality of servo-tracking (groove) areas 
16, a plurality of data writing (land) areas 18 and an 
aperture 20. A conventional magnetic read/write 
head 22 is positioned over a surface 23 of the disk 
20 12 for reading and/or writing magnetic data on the 
disk 12. 

The reference track 14 is a circular region on 
the disk 12 having a constant radius r re i measured 
from the center of the aperture 20 to the center of 

25 the reference track 14, and which is positioned 
near an outer edge 24 of the disk 12. In the 
preferred embodiment the reference track 14 com- 
prises a plurality of pits 26 which are depressed 
areas in the surface of the disk 12 having a length 

ao I. The pits 26 form a noncontinuous ring on the 
surface of the disk 12, noncontinuous meaning that 
each of the pits 26 are separated from each adja- 
cent pit 26 by a spacer area 28. The spacer areas 
28 yield higher signal level data than the pits 26. 

35 The groove areas 16 can be of any configura- 
tion capable of conveying optical servo-tracking 
information to an optical servo head. In the pre- 
ferred embodiment, each individual groove area 16 
comprises a continuous ring of constant radius 

40 which circumscribes the hole 20. The radius for an 
individual groove area 16 differs from the radius of 
an adjacent groove area 16 by a constant amount. 
The land areas 18 are regions on the surface of the 
disk 12 capable of storing information that can be 

45 read by a magnetic transducer such as the 
read/write head 22. An individual land area 18 is 
bounded on two sides by adjacent groove areas 16 
and the land areas 18 reflect more light than the 
groove areas 16. 

so Fig. 2 shows a cross section of the disk 12 and 
illustrates the relationship of the pits 26 and spacer 
areas 28 to the groove areas 16 and the land areas 
18. The disk 12 comprises a medium 30 of the 
type used for conventional 3.5 inch (88,9 mm) 
55 floppy disks. The medium 30 comprises an inert 
layer 32 and a magnetic layer 34 coated on a 
surface of the inert layer 32. The pits 26 are 
rectangular shaped indentations cut through the 
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magnetic layer 34 and generally do not extend into 
th inert layer 32. Each of the pits 26 hav a d pth 
d and width w. The groove areas 16 are also 
rectangular ind ntati ns cut through th magnetic 
layer 34 and each groove area 16 has a depth c 
and a width f. Each individual groove area 16 forms 
a continuous circular ring on the surface of the disk 
12 having a radius r n measured from the center of 
the aperture 20 to the center of the groove area 16. 
Each of the groove areas 16 are equally spaced 
from each adjacent groove area 16. In the pre- 
ferred embodiment, the radius r^ is greater than 
the largest r n and the reference track width w is 
larger than the groove width f. The reference track 
depth d is approximately equal to the groove depth 
c. The land areas 18 have a width g. A data track 
width x is defined as the width of a written data bit. 
Typically, the data track width x is less than the 
width g of the data writing areas 18. One of the 
data writing areas 1 8 is arbitrarily defined as a data 
track zero 36. The center of the data track zero 36 
is separated from the center of the reference track 
14 by a distance q. Representative dimensions for 
the reference tracks 26, groove areas 16 and land 
areas 18 are as follows: 

w = 18,288 urn (720 microinches (1 microinch = 
1x10" 6 inches)), 

d = 1016 - 3048 urn (40 - 120 microinches), 

1 = 1,905 urn (.075 inches), c = 508 - 1016 urn 

(20 - 40 microinches). 

microinches), f = 4572 urn (180 microinches), and 
g = 15,748 urn (620 microinches). 
microinches. The aperture 20 comprises a centrally 
located hole extending perpendicularly through the 
disk 12. 

Fig. 3 shows an alternative embodiment of the 
permanently referenced magnetic disk 12 repre- 
sented by the general reference numeral 40. Ele- 
ments of the disk 40 that are identical to elements 
of the disk 12 are designated by the same numeral 
followed by a prime symbol. In Fig. 3, a reference 
track 42 on the disk 40 replaces the reference track 
14 of the disk 12 shown in Fig. 1. The reference 
track 42 comprises a continuous circular recessed 
area 44, having the radius r re f, and a plurality of 
raised areas 46 positioned in the recessed area 44. 
The raised areas 46 are capable of storing a higher 
amplitude of magnetic data than the recessed area 
44. 

Fig. 4 shows a cross section of the disk 40. 
The raised areas 46 are of rectangular shape in 
cross section with a width j and depth k. The 
recessed areas 44 surround the raised areas 46 
and have , a width m and the depth k which is the 
same depth as that of the raised areas 46. 

Fig. 5 shows another alternative embodiment of 
the permanently referenced magnetic disk 12 re- 
presented by the general reference numeral 50. 



Elements of th disk 50 that are identical to ele- 
ments of the disk 12 are designated by the same 
numeral followed by a double prime symbol. In Fig. 
5, a r ferenc track 52 on the disk 50 replaces the 

5 reference track 14 of the disk 12 shown in Fig. 1. 
The reference track 52 comprises a continuous 
circular ring of radius r^, inscribed in the surface 
of the disk 12, and circumscribes the aperture^". 
The track 52 is very similar to the grooves 16 but 

w has a larger width p. tt should be noted that while ' 
the reference tracks 14, 42 and 52 are preferably 
constructed by inscribing the surface of the disks 
12, 40 and 50, respectively, they can be con- 
structed by other techniques such as chemical 

75 etching, embossing, or photolithography. 

Fig. 6 demonstrates an apparatus for position- 
ing the magnetic head 22 over the disk 12. The 
magnetic head 22 and an optical servo tracking 
head 60 are positioned on a fine position actuator 

20 62 over the disk 12. The fine position actuator 62 is 
mechanically connected to a base carriage 64 
which is mechanically connected to a stepper mo- 
tor 66 capable of moving the base carriage 64 in 
discrete steps in the forward or reverse directions 

25 indicated by an arrow 68 in Fig. 6. The fine position 
actuator 62 moves with the base carriage 64 and is 
also capable of moving independently of the base 
carriage 64 when driven by a voice coil motor 70. 
A control processor 72 is electrically connected to 

30 the stepper motor 66 and to a servo controller 74. 
The servo controller 74 is electrically connected to 
the voice coil motor 70 and to the servo head 60. 

Fig. 7 shows the magnetic head 22 positioned 
over a part of the disk 12. A magnetic read/write 

as element 76, which is the component of the head 22 
that writes and/or reads magnetic data on the sur- 
face of the disk 12, is positioned over a reference 
track center area 78 located at the approximate 
center of the reference track 14. When the mag- 

40 netic element 76 is positioned over the center area 
78, the optical head 60 is offset from a servo track 
center area 80 for one of the servo tracking areas 
16 by a magnetic-to-servo offset distance N. 

Fig. 8 is a graphical representation of readback 

4$ amplitude (A) versus time. A square wave type 
waveform 90 which approximates the form of the 
readback signal received by the read/write head 22 
when the element 76 Is centered over the refer- 
ence track 14. The waveform 90 has a plurality of 

50 high amplitude parts 92 which indicate that data is 
being received by the element 76 and a plurality of 
baseline parts 94 which indicate that no data is 
being detected by the element 76. The magnitude 
of the high amplitude parts 92 is a function of the 

55 position of the element 76 relative to the center 
area 78. 

Fig. 9 shows the magnetic head 22 positioned 
on an upper arm 100 and a lower magnetic read 
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and/or write head 102 positioned on a lower arm 
104. The arms 100 and 104 are mechanically con- 
nected to th fine position actuator 62. When the 
read/write element 76 is positioned over the refer- 
ence track 14, a lower read/write element 108 on 
the lower head 102 is positioned over a region 110 
of the magnetic disk 12. The region 110 is located 
on a lower magnetic surface 112 on an opposite 
side of the disk 12 from the surface 23. The 
centers of the read/write elements 108 and 76 are 
separated by a non-servo offset distance "S". An 
electronic reference track 114, comprising mag- 
netic data written by the element 108, is written on 
the region 110. The electronic reference track 114 
is marked by aligning the upper head 22 over the 
reference track 14. The lower element 108 is then 
instructed to write data whenever the upper head 
22 is receiving the high amplitude part 92 of the 
square wave signal 90 and to write D.C. erasure 
whenever the upper head 22 is receiving the base 
line signal 94. Thus, when the lower element 108 
reads the electronic reference track 114, the head 
102 receives a square wave signal approximately 
identical to the square wave waveform 90 caused 
by the permanent reference track 14. Due to var- 
ious environmental effects such as time, tempera- 
ture, humidity, handling effects or manufacturing 
tolerances, the position of the element 108 can drift 
to a new position 116 offset from the original posi- 
tion of the element 108 by an error offset distance 
E. Thus, the offset distance E is the distance the 
element 108 drifts from the position of the element 
108 originally noted when the element 76 was 
aligned over the center of the reference track 14. 

Referring to Rg. 6, a technique for positioning 
the head 22 relative to the disk 12 can be ex- 
plained. The stepper motor 66 is capable of mov- 
ing the base carriage 64, and hence the fine posi- 
tion actuator 62, in approximately 83 discrete steps 
(detents) of approximately 0.18,796 mm (7.4 mils) 
per step. The voice coil motor 70 is capable of 
moving the fine position actuator 62, and hence the 
head 22, over a span of approximately 0,508 mm 
(± 20 mils) from the center of a detent. Thus, by a 
combination of coarse and fine positioning, the 
head 22 can be positioned at any location on the 
surface 23. 

The optical servo tracking head 60 reads op- 
tica! servo information from the servo tracking 
areas 16 and sends it to the servo controller 74. 
The information from the optical head 60 is an 
error signal that indicates how far the head 60 is 
offset from a position equidistant between two adja- 
cent groove areas 16. The servo controller 74 com- 
bines this signal with an offset signal from the 
control processor 72 and then drives the fine posi- 
tion actuator 62 until the net result is zero. The 
result is that the head 22 is locked at the offset 



specified by the control processor 72. Changing 
the head offset within a track, or moving the head 
22 to a new track, is accomplished via the offset 
signal from the control processor. To illustrate this 

5 * procedure, assume that the offset signal has 100 
discrete values from 0 to 99 where the value 0 
positions the servo head 60 over a first servo 
groove. 50 positions the servo head 60 equidistant 
between the first servo grove and a second servo 

10 groove, and 99 positions the servo head 60 just to 
the outside of the center of the second servo 
groove. 

Another way of envisioning this process is to 
consider the fine position actuator 62 as a device 

15 having 5100 discrete, lockable, positions numbered 
0-5099 covering the 51 tracks within its positioning 
range (±25). The outermost track is covered by 
positions 0-99, the next by 100-199 and so forth. In 
this representation the control processor 72 

20 increments/decrements low order two digits while 
the servo controller 74 increments/decrements the 
high order two digits. 

To move the servo head 60 within the current 
track, the control processor 72 merely increments 

25 or decrements the offset signal to the desired val- 
ue. To move the servo head 60 to a new track, the 
value is incremented or decremented until it over- 
flows from 99 to 0 or underflows from 0 to 99, 
respectively. When either of these conditions oc- 

30 cur, the servo controller 74 accumulates the 
"cany" or "borrow" from the increment or de- 
crement and moves the heads smoothly into the 
adjacent track. 

Referring to Fig. 1. the procedure for using the 

35 head 22 to locate the reference track 14 can now 
be explained. As the magnetic read/write head 22, 
operating in the write mode, sweeps over the sur- 
face 23 of the disk 12, an arbitrary data pattern is 
written on the land areas 18 and on the spacer 

40 areas 28. In the preferred embodiment, the data 
pattern has a known frequency typically in the 
range of 533 kHz. As the head 22 scans the 
surface 23 in the read mode, it detects the signal 
from the data pattern until the reference track 14 is 
46 encountered. Because data can only be written on 
the spacer areas 28 of the reference track 14, the 
readback signal from the reference track 14 is 
modulated by the pits 26 to yield the square wave 
type waveform 90 shown in Rg. 8. The square 
so wave waveform 90 is recognized as indicating that 
the reference track 14 has been located. The refer- 
ence track center area 78 is determined by noting 
the position for the head 22 that yields the maxi- 
mum value for the high amplitude part 92 of the 
55 waveform 90 in Fig. 8. 

Typically, once the center area 78 has been 
determined, the data around the reference track is 
erased and a new data pattern is written which 
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covers only the reference track 14. This procedure 
enhances the readback characteristics of the refer- 
ence track 14. The electronic, reference track 114 is 
written (formatted) at th same time th new data 
pattern is written on the reference track 14. 

The procedure used to locate and format the 
reference track 14 and the electronic reference 
track 114 can be summarized as follows: 

1. Use the stepper motor 66 to position the 
heads 22 and 102 at a location from which the 
reference track 14 can be accessed by the head 
22 even under worst case mechanical tolerance 
conditions. 

2. Write the surface 23 with high frequency 
data then read the surface 23 and analyze the data 
amplitude envelope. If the square-wave reference 
track modulation 90 is detected, go to Step 3. 
Otherwise, move the head 22 outward 1/4 of the 
data track width x (see Rg. 2) and repeat this step. 

3. Move the heads 22 and 102 inward 1/4 of 
the head gap width. 

4. Write the surface 23 with high frequency 
data then read the surface 23 and compute the 
average reference track modulation amplitude. 
Save this value in a table then move the heads 
outward 1/16 of the data track width x. Repeat this 
step 32 times. 

5. Scan the data table generated by Step 4 
to determine the peak modulation amplitude. 

6. Scan the table again to determine the 
inner and outer head positions at which the modu- 
lation amplitude was 1/2 the peak value. The refer- 
ence track center position 78 is the position equi- 
distant from the two half amplitude positions. 

7. Move the heads 22 and 102 and DC erase 
the surface 23 for 2 1/2 tracks on either side of the 
reference track center. This procedure will enhance 
the readback characteristics of the formatted refer- 
ence track. 

8. Move the head 22 to the reference track 
center position 78, as determined in Step 6, and 
format the track 14 by writing it with high frequency 
data. 

9. At the same head position, format the 
electronic reference track 114 with the head 102 by 
writing high frequency data interspersed with DC 
erasure so that the resulting reading data envelope 
resembles that of the indelible reference track 14. 

The usefulness of the reference track 14 is that 
it is utilized in performing head alignment functions. 
For example, the reference track 14 simplifies the 
procedure used to locate the data track zero 36 
shown in Rg. 2. The track zero 36 is the data track 
from which all other data tracks are referenced. In 
the simplified procedure of the present invention, 
the reference track 14 is applied to the disk 12, 
typically during a pre-use manufacturing stage. 
Next, when an end user is ready to format the disk 



12, the center of the reference track 14 is located 
as described above. In disk drives that utilize mag- 
netic or optical servo tracking procedures, once the 
center of reference track 14 is located, track zero is 
». s located by displacing the magnetic heads inward a 
fixed number of tracks, for example by means of a 
stepper motor or a voice coil motor. In the pre- 
ferred embodiment, the distance q (shown in Rg. 
2) is known. Therefore, to position the read/write 

to element over the track zero 36, the head 22 is 
moved inward a number of positions corresponding 
to the distance q. 

The reference track 114 is also utilized to-de- 
termine the magnetic-to-servo offset distance N 

15 shown in Rg. 7. This is accomplished by electron- 
ically finding the reference track center area 78, 
centering the magnetic head over the center area 
78 and noting the servo offset value at this position. 
A similar procedure is utilized to determine the 

20 offset distance E shown in Rg. 9. The procedures 
for determining the magnetic-to-servo offset dis- 
tance N and the offset distance E are summarized 
as follows: 

1. Position the heads 22 and 102 to the 
25 innermost track at detent zero. 

2. Read the surface 23 and analyze the data 
amplitude envelope. If the reference track modula- 
tion is detected, go to Step 3. Otherwise, move the 
heads outwards 1/2 of the data track width x and 

30 repeat this step. 

3. Move the heads 22 and 102 inward 1/2 of 
the gap width. 

4. Read the surface 23 and compute the 
average reference track modulation amplitude. 

35 Save this value in a table then move the heads 
outward 1/8 of the head gap width. Repeat this 
step 16 times. 

5. Scan the data table generated in Step 4 to 
determine the peak modulation amplitude. 

40 6. Scan the table again to determine the 

inner and outer head positions at which the modu- 
lation amplitude was 1/2 the peak value. The refer- 
ence track center 78 is the position equidistant 
from the two half amplitude positions. 

45 7. Move the heads 22 and 120 until the head 

22 is centered over the reference track 14. Note 
the servo offset value at this position and save it as 
the magnetic-to-servo alignment offset distance N 
for the surface 23. 

so 8. Move the heads 22 and 102 inward four 

tracks (worst case servo-to-non-servo head offset). 

9. Repeat Steps 2 through 6 for the lower 
magnetic surface 112. 

10. Move the heads 22 and 102 until the 
55 low r head 102 is centered over the electronic 

reference track 114. Note the total offset at this 
position (servo and track offset) and save it as the 
non-servo offset distance E for the lower magnetic 
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surface 112. 

To illustrate the use of the offset values, as- 
sume the head positioning scheme described pre- 
viously where each detent has 5100 discrete head 
positions. Also, assume the reference track center 5 > 
area 78 position is at 1523, the electronic reference 
track center position is at 1687 and a track zero 
offset of three tracks from the reference track cen- 
ter area 78 (+300 positions). The procedure de- 
scribed above would yield a magnetic to servo 10 
offset distance N of 23, an offset distance E of 187 
and the track zero positions for the surfaces 23 and 
112 would be 1823 and 1987 respectively. 

To change from track zero on the surface 23 to 
the same track on the surface 112, the heads 22 is 
and 102 are moved 187-23 = 164 positions inwards. 
To change from this position to track one on the 
surface 23. the heads 22 and 102 are moved 
100 + (23-1 87) =-64 or 64 positions outwards. 

Although the present invention has been de- 20 
scribed in terms of the presently preferred embodi- 
ments, it is to be understood that such disclosure 
is not to be interpreted as limiting. Various alter- 
ations and modifications will no doubt become ap- 
parent to those skilled in the art after having read 25 
the above disclosure. Accordingly, it is intended 
that the appended claims be interpreted as cover- 
ing all alterations and modifications as fall within 
the true spirit and scope of the invention. 



Claims 

1. An information storage medium comprising: 
a magnetic medium having a surface that is acces- 
sible by a magnetic head; and 

a permanent reference feature indelibly marked on 
said surface for providing said magnetic head a 
positional reference point 

2. The information storage medium of claim 1 
wherein, 

the magnetic medium comprises a circularly 
shaped medium. 

3. The information storage medium of claim 2 
wherein, 

the permanent reference feature comprises a plu- 
rality of indentations positioned along a circular 
track on said surface and a plurality of spacer 
areas positioned between adjacent indentations. 

4. The information storage medium of claim 3 
wherein, 

higher amplitude magnetic data is stored within 
said spacer areas than within said indentations. 

5. The information storage medium of claim 2 
further comprising, 

a circular track inscribed in said surface of said 
medium; and wherein, 

the permanent reference feature comprises a plu- 



rality of equally spaced raised arcuate areas posi- 
tioned in the approximate center of the track. 

6. The information storage medium of claim 2 
wherein, 

the permanent reference feature comprises a con- 
tinuous circular track extending from the center of 
said circular piece of flexible material to the ap- 
proximate center of said circular track. 

7. The information storage medium of claim 1 
wherein, 

the permanent reference feature is inscribed in the 
surface of the magnetic medium. 

8. The information storage medium of claim 1 
wherein, 

the permanent reference feature is embossed on 
the surface of the magnetic medium. 

9. The information storage medium of claim 1 
wherein, 

the magnetic medium comprises a flexible mag- 
netic disk. 

10. The information storage medium of claim 1 
wherein, 

the magnetic medium comprises a hard magnetic 
disk. 

11. The information storage medium of claim 1 
wherein, 

said positional reference point provides positional 
information from which a track zero data track is 
referenced. 

12. The information storage medium of claim 1 
wherein, 

sad positional reference point provides positional 
information for aligning said magnetic head relative 
to a plurality of servo tracks. 

13. The information storage medium of claim 1 
wherein, 

the magnetic medium includes two surfaces with 
each of said surfaces being accessible by a mag- 
netic head. 

14. The information storage medium of claim 
13 wherein, 

the permanent reference feature is indelibly 
marked on both of said surfaces. 

15. The information storage medium of claim . 
45 13 further including, 

an electronic reference track means for generating 
a first electrical signal magnetically marked on one 
of said surfaces not containing the permanent ref- 
erence feature, 
so 16. The information storage medium of claim 
15 wherein, 

said first electrical signal is a first readback signal 
derived from a second readback signal provided to 
at least one of said magnetic heads by the perma- 
55 nent reference feature. 

17. An information storage medium of claim 15 
wherein, 

the electronic reference track provides positional 
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information from which a track z ro data track on 
said surface containing the electronic reference 
track is referenced. 

18. The information storage medium of claim 
15 wherein, 

the electronic reference track provides positional 
information for aligning said magnetic head relative 
to a plurality of servo tracks located on said sur- 
face containing the permanent reference feature. 

19. An information storage medium comprising, 
a flexible magnetic disk having a surface that is 
accessible to a magnetic head; 

a permanent reference feature indelibly marked on 
said surface comprising a plurality of inscribed 
areas, which yield a low amplitude readback signal, 
and a plurality of noninscribed areas, which yield a 
high amplitude readback signal, positioned radially 
along a circle on said surface for providing said 
magnetic head a positional reference point. 

20. A method for locating a reference feature 
on a magnetic disk comprising the steps of: 

a. marking a permanent reference feature on 
a surface of a magnetic disk; 

b. inserting said magnetic disk into a disk 
drive system comprising a magnetic transducer; 

c. magnetically writing information on said 
surface of said magnetic disk; and 

d. determining a location of said reference 
feature by sweeping said magnetic transducer over 
said surface until the location of said reference 
feature is located. 

21. The method of claim 20 further comprising 

the steps of, 

a. recording the position of said reference 
feature after its location is determined; 

b. erasing said magnetic information; and 

c. rewriting magnetic information at the posi- 
tion of said reference feature. 

22. The method of claim 20 further comprising 
the step of, 

e. moving said magnetic transducer a pre- 
determined distance from said location of said ref- 
erence feature. 

23. The method of claim 20 further comprising 

the steps of, 

a. aligning a magnetic transducer over the 
approximate center of said reference feature; and 

b. noting the offset position between the 
magnetic transducer and a servo tracking head. 

24. A method for writing an electronic refer- 
ence track on a magnetic disk comprising the 
steps of: 

a. marking a permanent reference a first 
surface of a magnetic disk; 

b. positioning a first magnetic read/write 
head over the permanent reference feature; and 

c. causing a second magnetic read/write 
head to write an electronic reference track on a 



second surface of said magnetic disk in response 
to signals generated by the first magnetic 
read/writ head. 

25. The method of claim 24 further comprising 
*5 the steps of. 

a. moving said second magnetic read/write 
head a predetermined distance from the electronic 
reference track. 

26. A method for determining the draft in posi- 
10 tion of a magnetic read/write head comprising the 

steps of: 

a. positioning a first magnetic read/write 
head over a permanent reference feature marked 
on a first surface of a magnetic disk; 
r5 b. moving a second magnetic read/write 

head until it is positioned over an electronic refer- 
ence feature marked on a second surface of said 
disk; and 

c. noting the offset required to position the 
20 second magnetic read/write head over said elec- 
tronic reference feature. 
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Description 

Thepr sentinv ntiori relates g n rally to a mag- 
n tic information storage medium and mor particu- 
larly to such a medium having a reference feature 
marked on its surface for orienting a magnetic 
read/write head and for allowing track zero to be de- 
fined. 

The track density of magnetic storage disks for 
conventional floppy disk drives is approximately for- 
ty-eight to one hundred thirty-five tracks per inch 
(TPl). In contrast, optical disk drives are capable of 
achieving track densities in excess of 15,000 TPl. 
These higher track densities are achieved through 
the use of closed loop optical servos that allow an opt- 
ical read/write head to follow data track eccentricities 
caused by defects in the medium and by disturbances 
from outside forces. In rigid type magnetic disk 
drives, track densities of up to 1 500 TPl are presently 
used. These drives commonly have multiple disks in 
which both sides are used for data. To achieve the 
high track density a dedicated surface of one of the 
disks is used for magnetic track servo information. 

In order to utilize the multiple data tracks on flex- 
ible and rigid magnetic disk drives, a method for lab- 
eling the various data tracks is required. Typically, 
data storage disk drives have a location called track 
zero from which all other tracks are referenced. In 
conventional floppy disk drives, the track zero posi- 
tion is set by an adjustment of the stepper motor when 
the motor is locked at phase zero. Each data track is 
then a subsequent number of steps from the zero 
phase. Track zero is typically on the outer radius of 
the diskette. Since the stepper motor that positions 
the carriage is run in an open loop mode (no position 
feedback from the disk), the track zero position must 
be set very accurately from drive to drive. If not, the 
track zero location written on a disk by one drive might 
be in a different position than the track zero location 
on a disk written by a different drive. This could elim- 
inate the interchangeability of media between disk 
drives. 

Rigid media type disk drives (e.g. Winchester 
type drives) have track densities approximately ten 
times that of conventional floppy drives. A small error 
in detecting the position of track zero could result in 
a large offset of the read/write head to the data track. 
This is usually not a problem, however, since the me- 
dia is formatted on the same drive that it is used in. 
Media is never removed from the drive so track zero 
position errors do not propagate. 

Drives having multiple recording heads driven by 
a single positioning mechanism normally rely on a sin- 
gle reference device for determining track z ro. T m- 
perature, humidity and mechanical ff cts will cause 
both the media and head mechanisms to change th ir 
initial relationship with time and thus limit th maxi- 
mum track d nsity that can be achieved. If the media 



is r movable the problem is compounded by the 
m chanical alignm nttol ranee from drive to driv . 

In U.S. Patent Application Serial No. 07/202,719, 
filed June 3, 1988, an apparatus and method are dis- 

5 closed for inscribing physical features on a surface of 
a magnetic medium for providing optical servo track- 
ing information. 

At least two techniques have been reported for 
utilizing a mark inscribed in the metal oxide coating 

w of a magnetic disk. Guglietmino, in U.S. Patent 
4,584,641 , issued on April 22, 1986, discloses a tech- 
nique for preventing unauthorized copying of a pro- 
gram recorded on the magnetic disk in which a per- 
manent mark is made on the magnetic disk, such as 

15 by scratching the metal oxide layer. Similarly, Brotby, 
in U.K. Patent Application 2,131,580 A, filed Novem- 
ber 1, 1983, discloses a technique for placing a per- 
manent defective area on the surface of a magnetic 
, disk for preventing unauthorized copying of a program 

20 recorded on the disk. 

Various techniques have been reported for using 
optical means for acquiring track following servo in- 
formation contained on a magnetic recording me- 
dium. For example, Ann, et al., in U.S. Patent 

25 4,633,451, issued on December 30, 1986, "Optical 
Servo For Magnetic Disks", discloses the use of a las- 
er diode to read track following servo information in 
. the form of a plurality of spots contained in an optical 
layer positioned above a magnetic recording layer. 

30 DiStefano, etal., in U.S. Patent 4,570,191, issued 
on February 11 , 1986, for "Optical Sensor For Servo 
Position Control", discloses a servo sensor compris- 
ing a light source and a light detector, axially aligned 
and contained on a single semiconductor chip. 

35 M. Johnson, in U.S. Patent 4,558,383, issued on 
December 10, 1985, for "Information Storage Disk 
Transducer Position Control System Using a Prere- 
corded Servo Pattern Requiring No Alignment With 
The Storage Disk", discloses a servo apparatus hav- 

40 ing a sensor for detecting a pattern of spots on a sur- 
face of an information storage medium. The spots 
comprise a dense array of substantially translation in- 
variant marks and separate information recording 
tracks are detected by measuring the rate at which 

45 the spots are detected. 

J.Cocke, et al., in U.S. Patent 4,587,579, issued 
on May 6, 1 986, for "System for Position Detection On 
A Rotating Disk", disclose a servo control system 
comprising a detector for reading a plurality of spiral 

so radial-position-encoding patterns on a medium. 

A.S. Hoagland, in "Optical Servo Of Magnetic Re* 
cording", IBM Technical Disclosure Bulletin, Vol. 
20(10), page 4108 (March 1978), suggests a system 
for achi ving ptical servo control where a flexible 

55 disk medium includes a plurality of optical s rv 
tracks positi n d underneath a magnetic lay r. 

Krong lb et al. in US patent 4,737,877 discloses 
a magnetic record ing disk including a thin metallic film 
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as a positioning indicating s rvo track underneath 
th magn tic lay r. D.A. Thompson, et al. f in "Em- 
boss d Servo T chniqu s For Floppy Disks", I ERE 
Conf rence Proce dings, No. 43, pag 321 (July 
1 979), suggest the use of embossed marks on flex- 5 
ible magnetic media for obtaining non-magnetic opti- 
cal or capacitive servo information. 

N. Koshino and S. Ogawa, in "Optical Method Of 
The Head Positioning In Magnetic Disk Systems", 
preprint from IEEE Transactions on Magnetics 10 
(1980), discloses an optical head for achieving track 
following servo control which is mounted on the head 
arm and which includes an LED light source and three 
optical fibers for delivering light to a medium. The me- 
dium comprises a plurality of circular optical tracks, 15 
dyed black, and located underneath a magnetic film. 

In U.S. Patent Application Serial No. 07/178,542, 
filed April 7, 1988, an optical servo tracking head is 
disclosed for reading optical servo tracking informa- 
tion contained on magnetic media comprising nonre- 20 
fleeting servo areas situated around reflective land 
areas. 

Related work has occurred in the laser video disk 
area, from which optical disks for digital data storage 
and the audio laser disk (CD) have evolved. A laser 25 
and associated optics are used to acquire servo infor- 
mation as well as read data from the disk. The data 
can be inscribed during a mastering process as in vid- 
eo and audio disks or it can be written by the 
read/write laser as in disks for digital information stor- 30 
age. 

K.D. Broadbent, in W A Review of the MCS Disco- 
Vision System", Journal of the SMPTE (1974), de- 
scribes the Laser Video mastering techniques as well 
as the servo and read back methods. The mastering 35 
machine uses an argon laser to ablate pits in a met- 
allic layer which is deposited on a glass plate. Disks 
are replicated from the master which contain servo in- 
formation as well as the video data. A technique for 
deriving the servo information is described. 40 

K.P. Connell in US-A 3,593,331 describes a mag- 
netic disk calibration track with diminishing aper- 
tures, so that defined areas of the non-magnetic sub- 
strate is exposed through the magnetic recording sur- 
face. This gives an information storage medium within 45 
the terms of the preamble of claim 1. 

G.C. Kroiss in US-A 4,371 ,960 discloses a meth- 
od of compensating for radial offset between a servo 
head and a data head. The information storage me- 
. dium comprises pairs of data tracks and pairs of servo 50 
tracks in vertical alignment The magnetic heads and 
additional demodulators are used to develop position- 
al signals, and by shifting the heads, also position er- 
ror signals. 

N ne of these techniques describe a method for 55 
utilizing the presence f a reference featur n th 
surface of a magnetic m dium for directing an optical 
s rvo head t apositi n from which a plurality of data 



tracks can b referenced. 

It is therefore an obj ct of the pres nt invention 
to provide a magnetic disk configuration that p rmits 
simpler designation of track zero on disk driv s that 
utilize a magnetic read/write head. 

It is another object of the present invention to pro- 
vide a magnetic disk configuration that increases the 
accuracy with which track zero is set 

It is another object of the present invention to pro- 
vide a magnetic disk configuration that increases the 
reproducibility of track zero between disk drives. 

It is another object of the present invention to pro- 
vide a magnetic disk configuration that can be used 
to center the magnetic read/write head between opt- 
ical or magnetic servo-tracking areas. 

Claims 1 defines the invention in terms of an in- 
formation storage medium and claims 13, 15, and 16 
describe methods for using the information storage 
medium for determining the offset of a magnetic 
transducer and an optical transducer, or for writing an 
electronic reference track on a magnetic disk, or for 
determining the drift in the position of a magnetic 
transducer. 

Briefly, the preferred embodiment of the present 
invention includes a circular magnetic medium, such 
as a floppy disk, having a physical reference track in- 
delibly marked on one surface of the disk. When a 
magnetic read/write head passes over the reference 
track, the read back signal from the head changes. 
The pattern of the physical reference track is chosen 
so as to maximize the change in the read back signal. 
In the preferred embodiment, the physical reference 
track comprises a plurality of pits inscribed in the sur- 
face of the disk with a non inscribed land area posi- 
tioned between each two adjacent pits. Higher ampli- 
tude data is recorded on the land areas than on the 
pits thereby producing the change in the read back 
signal. The pits are all located an equal distance from 
the center of the disk on a circle of radius r ref . Typical- 
ly, is chosen so that the reference track is posi- 
tioned along an outer circumference of the disk. This 
prevents interference of the magnetic head with an 
optical servo tracking head reading servo tracking in- 
formation along an inner circumference. A plurality of 
equally spaced land areas are radially positioned be- 
tween each pit Many other patterns are possible for 
the reference track such as a continuous circular 
groove inscribed in the disk surface. Additionally, the 
reference track could be marked on the disk surface 
by various methods such as photolithography or 
chemical etching. 

To designate track zero in a disk drive utilizing the 
reference track of the present invention, the read 
back signal from the magnetic head is observ d as 
the magnetic head is scanned over th area around 
th reference track. Wh n the read back signal indi- 
cates that the magn tic head is positioned ov r th 
cent r of th ref renc track a s rv motor, which 
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controls the positioning of the magnetic head, is 
locked into place over the reference track. Th servo 
motor is then advanced a pr d termin d numb r of 
steps to a position that is d fined as track zero. 

In disk drives that utilize optical servo tracking 
features on the medium to execute the servo tracking 
function, the reference track can also be used to align 
the magnetic head between adjacent servo tracking 
features. For example, if the servo tracking features 
comprise a plurality of concentric rings inscribed in 
the surface of the magnetic medium, the magnetic 
head can be aligned between the concentric rings by 
determining the reference track center as described 
above. The offset between the servo track center and 
the reference track center is stored and used to adjust 
the servo position at each track location so that the 
magnetic head is centered between adjacent servo 
rings. In a disk drive that utilizes magnetic servo 
tracks, a similar procedure can be utilized to center 
the magnetic head between adjacent magnetic servo 
tracks. 

An advantage of the present invention is that 
track zero can be located by direct reference to the 
reference track indelibly marked on the surface of the 
magnetic disk. 

Another advantage of the present invention is 
that the absolute position of track zero is set by the 
reference track. 

Another advantage of the present invention is 
that the accurate positioning of track zero permits 
magnetic media having the high track densities of rig- 
id magnetic media to be interchanged among disk 
drives. 

Another advantage of the present invention is 
that the reference track can be used to position the 
magnetic read/write head between adjacent optical. 

Another advantage of the present invention is 
that the location of the reference track does not inter- 
fere with the reading of the servo tracking informa- 
tion. 

These and other objects and advantages of the 
present invention will no doubt become obvious to 
those of ordinary skill in the art after having read the 
following detailed description of the preferred em- 
bodiments which are illustrated in the various draw- 
ing figures. 

Fig. 1 is a top view of a circular magnetic medium 

including an indelible reference track according 

to the present invention; 

Fig. 2 is a cross-sectional view of the magnetic 

medium taken along line 2-2 of Fig. 1; 

Fig. 3 is a top view of an alternative embodiment 

of a magnetic medium according to the present 

invention; 

Fig. 4 is a cross-secti nal view of the magnetic 
medium tak n al ng lin 4-4 f Fig. 3; 
Fig. 5 is a top view f another alt r native embodi- 
ment f a magn tic medium according to the 



present invention; 

Fig. 6 is a top view of an apparatus for positioning 
a magnetic read/write head ov r a magnetic disk; 
Fig. 7 is a sid view of th magnetic head and an 
5 optical head positioned over a disk containing a 

permanent reference track; 
Fig. 8 is a graphical representation of a square 
wave signal received by the magnetic head as it 
passes over the indelible reference track of Fig. 
10 1;and 

Fig. 9 is a side view of an upper magnetic head 
and a lower magnetic head positioned about a 
magnetic disk containing an indelible reference 
track and an electronic reference track. 
15 Fig. 1 shows a permanently referenced magnetic 

disk represented by the general reference numeral 12 
and comprising a permanent reference track 14, a 
plurality of servo- tracking (groove) areas 16, a plur- 
ality of data writing (land) areas 1 8 and an aperture 
20 20. A conventional magnetic read/write head 22 is 
positioned over a surface 23 of the disk 1 2 for reading 
and/or writing magnetic data on the disk 12. 

The reference track 14 is a circular region on the 
disk 12 having a constant radius r ref measured from 
25 . the center of the aperture 20 to the center of the ref- 
A .. erence track 1 4, and which is positioned near an outer 
edge 24 of the disk 12. In the preferred embodiment 
the reference track 14 comprises a plurality of pits 26 
which are depressed areas in the surface of the disk 
30 12 having a length I. The pits 26 form a noncontinuous 
ring on the surface of the disk 12, noncontinuous 
meaning that each of the pits 26 are separated from 
each adjacent pit 26 by a spacer area 28. The spacer 
areas 28 yield higher signal level data than the pits 
35 26. 

The groove areas 16 can be of any configuration 
capable of conveying optical servo-tracking informa- 
tion to an optical servo head. In the preferred embodi- 
ment, each individual groove area 16 comprises a 

40 continuous ring of constant radius which circum- 
scribes the hole 20. The radius for an individual 
groove area 16 differs from the radius of an adjacent 
groove area 16 by a constant amount The land areas 
18 are regions on the surface of the disk 12 capable 

45 of storing information that can be read by a magnetic 
transducer such as the read/write head 22. An individ- 
ual land area 1 8 is bounded on two sides by adjacent 
groove areas 16 and the land areas 18 reflect more 
light than the groove areas 16. 

so Fig. 2 shows a cross section of the disk 12 and 
illustrates the relationship of the pits 26 and spacer 
areas 28 to the groove areas 16 and the land areas 
18. The disk 12 comprises a medium 30 of the type 
us d for conventional 3.5 inch (88,9 mm) floppy disks. 

55 The medium 30 comprises an inert layer 32 and a 
magn tic layer 34 coated n a surface of the inert lay- 
er 32. Th pits 26 are rectangular shaped indenta- 
tions cut through th magn tic layer 34 and generally 
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do not extend into th inert layer 32. Each of the pits 
26 have a depth d and width w. Th groov ar as 16 
are also rectangular ind ntations cut through th 
magnetic layer 34 and each groov ar a 16 has a 
depth c and a width f. Each individual groove area 16 
forms a continuous circular ring on the surface of the 
disk 12 having a radius r n measured from the center 
of the aperture 20 to the center of the groove area 16. 
Each of the groove areas 16 are equally spaced from 
each adjacent groove area 16. In the preferred em- 
bodiment the radius r ref is greater than the largest r n 
and the reference track width w is larger than the 
groove width f. The reference track depth d is approx- 
imately equal to the groove depth c. The land areas 
1 8 have a width g. A data track width x is defined as 
the width of a written data bit Typically, the data track 
width x is less than the width g of the data writing 
areas 18. One of the data writing areas 1 8 is arbitrarily 
defined as a data track zero 36. The center of the data 
track zero 36 is separated from the center of the ref- 
erence track 14 by a distance q. Representative di- 
mensions for the reference tracks 26, groove areas 
16 and land areas 18 are as follows: 
w = 18,288 urn (720 microinches (1 microinch = 

1x10-« inches)), 
d = 1016 - 3048 urn (40 - 120 microinches), 
I = 1 ,905 um (.075 inches), c = 508 - 1016 jim (20 

- 40 microinches), 
f = 4,572 \im (180 microinches), and g = 15,748 um 
(620 microinches). 

The aperture 20 comprises a centrally located 
hole extending perpendicularly through the disk 12. 

Fig. 3 shows an alternative embodiment of the 
permanently referenced magnetic disk 12 represent- 
ed by the general reference numeral 40. Elements of 
the disk 40 that are identical to elements of the disk 
12 are designated by the same numeral followed by 
a prime symbol. In Fig. 3, a reference track 42 on the 
disk 40 replaces the reference track 14 of the disk 12 
shown in Fig. 1. The reference track 42 comprises a 
continuous circular recessed area 44, having the ra- 
dius r ref , and a plurality of raised areas 46 positioned 
in the recessed area 44. The raised areas 46 are ca- 
pable of storing a higher amplitude of magnetic data 
than the recessed area 44. 

Fig. 4 shows a cross section of the disk 40. The 
raised areas 46 are of rectangular shape in cross sec- 
tion with a width j and depth k. The recessed areas 44 
surround the raised areas 46 and have a width m and 
the depth k which is the same depth as that of the 
raised areas 46. 

Fig. 5 shows another alternative embodiment of 
the permanently referenced magnetic disk 12 repre- 
sented by the general r fer nee num ral 50. Be- 
rn nts of th disk 50 that are identical to elements of 
the disk 12 are designated by th same numeral fol- 
lowed by a doubt prime symbol. In Fig. 5 t a reference 
track 52 on th disk 50 replaces th reference track 



14 of the disk 12 shown in Fig. 1. The ref rence track 
52 comprises a continuous circular ring of radius r ref , 
inscribed in the surfac of the disk 12, and circum- 
scribes the ap rture20". Th track 52 is v ry similar 

5 to the grooves 16" but has a larger width p. It should 
be noted that while the reference tracks 14, 42 and 52 
are preferably constructed by inscribing the surface 
of the disks 12, 40 and 50, respectively, they can be 
constructed by other techniques such as chemical 

w etching, embossing, or photolithography. 

Fig. 6 demonstrates an apparatus for positioning 
the magnetic head 22 overthe disk 12. The magnetic 
head 22 and an optical servo tracking head 60 are 
positioned on a fine position actuator 62 overthe disk 

15 1 2. The fine position actuator 62 is mechanically con- 
nected to a base carriage 64 which is mechanically 
connected to a stepper motor 66 capable of moving 
the base carriage 64 in discrete steps in the forward 
or reverse directions indicated by an arrow 68 in Fig. 

20 6. The fine position actuator 62 moves with the base 
carriage 64 and is also capable of moving indepen- 
dently of the base carriage 64 when driven by a voice 
coil motor 70. A control processor 72 is electrically 
connected to the stepper motor 66 and to a servo con- 

25 trailer 74. The servo controller 74 is electrically con- 
nected to the voice coil motor 70 and to the servo 
head 60. 

Fig. 7 shows the magnetic head 22 positioned 
over a part of the disk 12. A magnetic read/write ele- 

30 ment 76, which is the component of the head 22 that 
writes and/or reads magnetic data on the surface of 
the disk 12, is positioned over a reference track cen- 
ter area 78 located at the approximate center of the 
reference track 14. When the magnetic element 76 is 

35 positioned over the center area 78, the optical head 
60 is offset from a servo track center area 80 for one 
of the servo tracking areas 1 6 by a magnetic-to-servo 
offset distance N. 

Fig. 8 is a graphical representation of read back 

40 amplitude (A) versus time. A square wave type wave- 
form 90 which approximates the form of the read back 
signal received by the read/write head 22 when the 
element 76 is centered over the reference track 14. 
The waveform 90 has a plurality of high amplitude 

45 parts 92 which indicate that data is being received by 
the element 76 and a plurality of baseline parts 94 
which indicate that no data is being detected by the 
element 76. The magnitude of the high amplitude 
parts 92 is a function of the position of the element 

so 76 relative to the center area 78. 

Fig. 9 shows the magnetic head 22 positioned on 
an upper arm 100 and a lower magnetic read and/or 
write head 102 positioned on a lower arm 104. The 
arms 100 and 104 are mechanically conn cted to the 

55 fine position actuat r 62. When the read/writ ele- 
ment 76 is positi n d over th reference track 14, a 
lower read/writ lem nt 108 on the lower head 102 
is position d ov r a region 110 f the magnetic disk 
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12. The region 110 is located on a low rmagn ticsur- 
fac 112 on an opposit sid of th disk 12 from th 
surface 23. Th centers of th r ad/writ elements 
1 08 and 76 are separated by a non-s rvo offset dis- 
tance "S". An electronic reference track 114, compris- 
ing magnetic data written by the element 108, is writ- 
ten on the region 110. The electronic reference track 
114 is marked by aligning the upper head 22 over the 
reference track 14. The lower element 108 is then in- 
structed to write data whenever the upper head 22 is 
receiving the high amplitude part 92 of the square 
wave signal 90 and to write D.C. erasure whenever 
the upper head 22 is receiving the base line signal 94. 
Thus, when the lower element 108 reads the electron- 
ic reference track 114, the head 102 receives a 
square wave signal approximately identical to the 
square wave waveform 90 caused by the permanent 
reference track 14. Due to various environmental ef- 
fects such as time, temperature, humidity, handling 
effects or manufacturing tolerances, the position of 
the element 108 can drift to a new position 116 offset 
from the original position of the element 108 by an er- 
ror offset distance E. Thus, the offset distance E is the 
distance the element 108 drifts from the position of 
the element 1 08 originally noted when the element 76 
was aligned over the center of the reference track 14. 

Referring to Fig. 6, a technique for positioning the 
head 22 relative to the disk 12 can be explained. The 
stepper motor 66 is capable of moving the base car- 
riage 64, and hence the fine position actuator 62, in 
approximately 83 discrete steps (detents) of approx- 
imately 0.18,796 mm (7.4 mils) per step. The voice 
coil motor 70 is capable of moving the fine position ac- 
tuator 62, and hence the head 22, over a span of ap- 
proximately 0,508 mm (± 20 mils) from the center of 
a detent. Thus, by a combination of coarse and fine 
positioning, the head 22 can be positioned at any lo- 
cation on the surface 23. 

The optical servo tracking head 60 reads optical 
servo information from the servo tracking areas 16 
and sends it to the servo controller 74. The informa- 
tion from the optical head 60 is an error signal that in- 
dicates how far the head 60 is offset from a position 
equidistant between two adjacent groove areas 16. 
The servo controller 74 combines this signal with an 
offset signal from the control processor 72 and then 
drives the fine position actuator 62 until the net result 
is zero. The result is that the head 22 is locked at the 
offset specified by the control processor 72. Chang- 
ing the head offset within a track, or moving the head 
22 to a new track, is accomplished via the offset sig- 
nal from the control processor. To illustrate this pro- 
cedure, assume that the offset signal has 100 dis- 
crete values from 0 to 99 wh reth valu 0 positions 
th s rv head 60 ov r a first servo groove, 50 pos- 
iti nsth s rvoh ad 60 quidistantb twe n the first 
s rvo grov and a s cond servo groove, and 99 pos- 
iti ns the servo head 60 just t theoutsid fth c n- 



ter of th second servo groove. 

Anoth r way of envisioning this proc ssistocon- 
sid r the fin position actuator 62 as a d vice having 
5100 discrete, lockabl , positions numbered 0-5099 

5 covering the 51 tracks within its positioning range 
(±25). The outermost track is covered by positions 0- 
99, the next by 100-199 and so forth. In this represen- 
tation the control processor 72 increments/decre- 
ments low order two digits while the servo controller 

10 74 increments/decrements the high order two digits. 
To move the servo head 60 within the current 
track, the control processor 72 merely increments or 
decrements the offset signal to the desired value. To 
move the servo head 60 to a new track, the value is 

15 incremented or decremented until it overflows from 
99 to 0 or underflows from 0 to 99, respectively. When 
either of these conditions occur, the servo controller 
74 accumulates the "cany" or "borrow" from the in- 
crement or decrement and moves the heads smoothly 

20 into the adjacent track. 

Referring to Fig. 1, the procedure for using the 
head 22 to locate the reference track 14 can now be 
explained. As the magnetic read/write head 22, oper- 
ating in the write mode, sweeps over the surface 23 

25 of the disk 12, an arbitrary data pattern is written on 
the land areas 18 and on the spacer areas 28. In the 
preferred embodiment, the data pattern has a known 
frequency typically in the range of 533 kHz. As the 
head 22 scans the surface 23 in the read mode, it de- 

30 tects the signal from the data pattern until the refer- 
ence track 1 4 is encountered. Because data can only 
be written on the spacer areas 28 of the reference 
track 14, the read back signal from the reference track 
14 is modulated by the pits 26 to yield the square 

35 wave type waveform 90 shown in Fig. 8. The square 
wave waveform 90 is recognized as indicating that 
the reference track 14 has been located. The refer- 
ence track center area 78 is determined by noting the 
position for the head 22 that yields the maximum val- 

40 ue for the high amplitude part 92 of the waveform 90 
in Fig. 8. 

Typically, once the center area 78 has been de- 
termined, the data around the reference track is 
erased and a new data pattern is written which covers 

45 only the reference track 14. This procedure enhances 
the readback characteristics of the reference track 
14. The electronic reference track 114 is written (for- 
matted) at the same time the new data pattern is writ- 
ten on the reference track 14. 

so The procedure used to locate and format the ref- 
erence track 14 and the electronic reference track 
114 can be summarized as follows: 

1 . Use the stepper motor 66 to position the heads 
22 and 102 at a I cati n from which th reference 

55 track 14 can be accessed by the head 22 even 
und r worst cas mechanical toleranc condi- 
tions. 

2. Writ th surface 23 with high frequency data 
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then r ad the surface 23 and analyz the data 
am pi it ud nvelop . If the square- wav ref r- 
nce track modulation 90 is d t ct d, go to St p 
3. Oth rwis , move th head 22 outward 1/4 of 
the data track width x (see Fig. 2) and repeat this 
step. 

3. Move the heads 22 and 102 inward 1/4 of the 
head gap width. 

4. Write the surface 23 with high frequency data 
then read the surface 23 and compute the aver- 
age reference track modulation amplitude. Save 
this value in a table then move the heads outward 
1/16 of the data track width x. Repeat this step 32 
times. 

5. Scan the data table generated by Step 4 to de- 
termine the peak modulation amplitude. 

6. Scan the table again to determine the inner and 
outer head positions at which the modulation am- 
plitude was 1/2 the peak value. The reference 
track center position 78 is the position equidistant 
from the two half amplitude positions. 

7. Move the heads 22 and 102 and DC erase the 
surface 23 for 2 1/2 tracks on either side of the 
reference track center. This procedure will en- 
hance the readback characteristics of the format- 
ted reference track. 

8. Move the head 22 to the reference track center 
position 78, as determined in Step 6, and format 
the track 1 4 by writing it with high frequency data. 

9. At the same head position, format the electron- 
ic reference track 114 with the head 102 by writ- 
ing high frequency data interspersed with DC 
erasure so that the resulting reading data envel- 
ope resembles that of the indelible reference 
track 14. 

The usefulness of the reference track 14 is that 
it is utilized in performing head alignment functions. 
For example, the reference track 14 simplifies the 
procedure used to locate the data track zero 36 
shown in Fig. 2. The track zero 36 is the data track 
from which all other data tracks are referenced. In the 
simplified procedure of the present invention, the ref- 
erence track 14 is applied to the disk 1 2, typically dur- 
ing a pre-use manufacturing stage. Next, when an 
end user is ready to format the disk 12, the center of 
the reference track 14 is located as described above. 
In disk drives that utilize magnetic or optical servo 
tracking procedures, once the center of reference 
track 14 is located, track zero is located by displacing 
the magnetic heads inward a fixed number of tracks, 
for example by means of a stepper motor or a voice 
coil motor. In the preferred embodiment, the distance 
q (shown in Fig. 2) is known. Therefore, to position the 
read/write element ov rth track zero 36, the head 22 
is moved inward a number of positions corresponding 
t th distance q. 

The reference track 114 is als utiliz d to deter- 
min th magnetic-to-servo offset distance N sh wn 



in Fig. 7. This is accomplished by electronically find- 
ing th reference track c nter area 78, centering th 
magnetic head ov rthec nter area 78 and noting th 
servo offset valu at this position. 
5 A similar procedure is utilized to determine the 

offset distance E shown in Fig. 9. The procedures for 
determining the magnetic-to-servo offset distance N 
and the of feet distance E are summarized as follows: 

1 . Position the heads 22 and 1 02 to the innermost 
10 track at detent zero. 

2. Read the surface 23 and analyze the data am- 
plitude envelope. If the reference track modula- 
tion is detected, go to Step 3. Otherwise, move 
the heads outwards 1/2 of the data track width x 

15 and repeat this step. 

3. Move the heads 22 and 102 inward 1/2 of the 
gap width. 

4. Read the surface 23 and compute the average 
reference track modulation amplitude. Save this 

20 value in a table then move the heads outward 1/8 
of the head gap width. Repeat this step 16 times. 

5. Scan the data table generated in Step 4 to de- 
termine the peak modulation amplitude. 

6. Scan the table again to determine the inner and 
25 outer head positions at which the modulation am- 
plitude was 1/2 the peak value. The reference 
track center 78 is the position equidistant from 
the two half amplitude positions. 

7. Move the heads 22 and 102 until the head 22 
30 is centered over the reference track 14. Note the 

servo offset value at this position and save it as 
the magnetic-to-servo alignment offset distance 
N for the surface 23. 

8. Move the heads 22 and 102 inward four tracks 
35 (worst case servo-to-non-servo head offset). 

9. Repeat Steps 2 through 6 for the lower magnet- 
ic surface 112. 

10. Move the heads 22 and 102 until the lower 
head 102 is centered over the electronic refer- 

40 ence track 114. Note the total offset at this posi- 
tion (servo and track offset) and save it as the 
non-servo offsetdistance E forthe lower magnet- 
ic surface 112. 

To illustrate the use of the offset values, assume 
45 the head positioning scheme described previously 
where each detent has 5100 discrete head positions. 
Also, assume the reference track center area 78 pos- 
ition is at 1 523, the electronic reference track center 
position is at 1687 and a track zero offset of three 
so tracks from the reference track center area 78 (+300 
positions). The procedure described above would 
yield a magnetic to servo offset distance N of 23, an 
offset distance E of 187 and the track zero positions 
for the surfaces 23 and 1 1 2 would b 1 823 and 1 987 
55 resp ctiv ly. 

T chang from track z ro on th surface 23 to 
the same track on the surface 112, the heads 22 and 
102 are m v d 187-23=164 positi ns inwards. To 
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change from this position to track on n th surfac 
23, the heads 22 and 102 are mov d 100+(23-187)=- 
64 or 64 positions outwards. Th appended claims 
cover all alterations and modifications as fall within 
the true scope of the invention. 5 



Claims 

1. An information storage medium (12) comprising: 10 
a rotatable circular magnetic medium (30, 30') 
having a first surface (23) that is accessible by a 

first magnetic read/write transducer (76), 
a circular reference feature track (14, 42, 52) 
positioned on said first surface (23) and compris- is 
ing a plurality of radially positioned depressions 
(26, 44) in said first surface (23) for generating a 
readback signal having a variable amplitude pat- 
tern when said first magnetic read/write trans- 
ducer (76) is reading magnetic data recorded on 20 
the reference feature track (14), 
characterized 

in that said circular magnetic medium (30) com- 
prises a plurality of optical servo tracks (16, 1 6', 
16") positioned on said first surface (23) for pro- 25 
viding servo positioning information to an optical 
servo transducer (60), 

in that said depressions (26, 44) have substan- 
tially the same width (w) and are arranged on a 
radius (r ref ) for providing said magnetic read/write 30 
transducer (76) a positional reference track cen- 
ter area (78) relative to said optical servo tracks, 
and for producing said variable amplitude pattern 
as a waveform (90) having a plurality of higher 
amplitude parts (92) of essentially the same lev- 35 
el, the magnitude thereof being a function of the 
position of the first magnetic read/write transduc- 
er (76) to said center area (78). 

2. The information storage medium of claim 1 40 
wherein 

the magnetic medium is a floppy disk comprising 
a magnetic layer (34) coated on a flexible inert 
substrate (32); and 

the optical servo tracks (16) comprise a plurality 45 
of concentric rings inscribed in said magnetic lay- 
er (34) with adjacent rings being separated from 
each other by land areas (18) on which data is 
written and which has a higher reflectivity than 
said concentric rings. 50 

3. The information storage medium of claim 2 
wherein 

the reference featur track (14) comprises a plur- 
ality of pits (26) inscribed in said magnetic layer 55 
(34) and position d al ng said circular track on 
said first surface (23), and a plurality of spacer 
ar as (28) position d betw en adjacent depres- 



sions (26) for producing a higher amplitud read 
back signal in said first magnetic r ad/writ 
transducer (76) from said spac rar as (28) rath- 
er than from said depressions (26). 

4. The information storage medium of claim 2 
wherein 

the reference feature track comprises a recessed 
circular track (44) inscribed in said magnetic layer 
(34); and 

a plurality of equally spaced raised areas (46) 
positioned in the approximate center of said re- 
cessed circular track (44) for yielding a higher 
amplitude data signal than is yielded by said cir- 
cular track. 

5. The information storage medium of any of claim 
1 to 4 wherein 

the reference feature track (14) is inscribed in the 
surface (23) of the magnetic medium. 

6. The information storage medium of any of claims 
1 to 4 wherein 

the reference feature track (14) is embossed on 
the surface (23) of the magnetic medium. 

7. The information storage medium of any of claims 
1 to 6 wherein 

the optical servo optical tracks (1 6, 1 6', 1 6") com- 
prise a plurality of concentric rings inscribed in 
said first surface (23) with each of said concen- 
tric rings being spaced from an adjacent concen- 
tric ring by a constant distance (f+g). 

8. The information storage medium of claim 7 
wherein said constant distance (f+g) is approxi- 
mately 20.320 11m. 

9. The information storage medium in claim 7 or 8 
further comprising 

a plurality of land areas (18) on which data can be 
recorded with one of the land areas being posi- 
tioned between each of said adjacent concentric 
rings, and each of said land areas (18) being ref- 
erenced as a track zero data track (36) from the 
positional information of said positional reference 
track (14). 

1 0. The information storage medium of any of claims 
1 to 9 further comprising 

a second surface (112) that is accessible by a 
second magnetic read/write transducer (108); 
and 

an electronic referenc track (114) magn tically 
recorded on the second surface (112) by said 
s cond magn tic read/writ transducer (108) in 
r spons to an electrical signal related to said 
readback signal g n rated by said first magn tic 
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read/write transducer (76) for providing positional 
information about said second magnetic 
read/write transducer (108) relativ to said first 
magn tic read/writ transducer (76) from which 
positional information a track zero data track on s 
said second surface (112) is referenced for align- 
ing said second magnetic read/write transducer 
(108) relative to the plurality of optical servo 
tracks (16) located on said first surface (23). 

10 

11. The formation storage medium of claim 1 wherein 
said reference feature track (14) is a permanent 
reference feature indelibly marked on said sur- 
face (23) comprising a plurality of depressions 
(26), which yield a lower amplitude readback sig- 15 
nal when magnetic data recorded on said inscri- 
bed areas is read by said magnetic data 
read/write transducer (76), and a plurality of non- 
inscribed areas (28) interspersed between said 
inscribed areas, which yield a higher amplitude 20 
readback signal when magnetic data recorded on 

said noninscribed areas is read by said magnetic 
read/write transducer (76) t for providing said 
magnetic read/write transducer (76) a positional 
reference area relative to the optical servo tracks 25 
(16, 16', 16"). 

12. The information storage medium of claim 10 
wherein said reference feature track (14) is posi- 
tioned adjacent to the outer perimeter of the me- 30 
dium. 

13. A method for determining the magnetic-to-servo 
offset for a magnetic read/write transducer (76) 

and an optical servo transducer (60) that com- 35 
prising the steps of: 

a) inserting a magnet disk (12) into a disk drive 
system, 

the magnetic disk (12) having a plurality of 
optical servo tracks (16) marked on a surface 40 
(23) of the magnetic disk (12) and comprising 
a plurality of equally spaced concentric rings 
(18), and a permanent reference feature (14) 
positioned on said surface (23) that yields a 
recognizable readback signal when magnetic 45 
information recorded on said permanent ref- 
erence feature (14) is read by a magnetic 
transducer (76); 

b) magnetically writing information on said 
surface (23) and on said permanent reference so 
feature (14) with said magnetic transducer 
(76); 

c) determining a location (78) of said perma- 
nent referenc feature (14) by sweeping said 
magn tic transducer (76) ov r said surface 55 
(23) until said recognizable readback signal is 

det cted; 

d) positioning said magnetic transducer (76) 



relative to said r fere nee feature (14); and 
) noting an offs t value f r said optical servo 
transducer (60) that indicat s a distance (N) 
said optical s rvo transducer (60) is offset 
from a servo track (16). 

14. The method of claim 13 further comprising the 
steps of 

f) recording the position of said reference fea- 
ture (14) after its location is determined; 

g) erasing said magnetic information; and 

h) rewriting magnetic information at the posi- 
tion of said reference feature (14). 

15. A method for writing an electronic reference track 
(114) on a magnetic disk (12) comprising the 
steps of: 

I) positioning a first magnetic read/write trans- 
ducer (76) over a permanent reference fea- 
ture (14) marked at a fist radius (r ref ) on a first 
surface (23) of the magnetic disk (12) for pro- 
viding said magnetic read/write transducer 
(76) a positional reference region relative to a 
plurality of optical servo tracks (16) posi- 
tioned on said surface (23), and comprising a 
plurality of depressions (26, 44) in said first 
surface (23) for generating a readback signal 
having a variable amplitude when said first 
magnetic read/write transducer (76) is read- 
ing magnetic data recorded on the reference 
feature (14); and 

m) causing a second magnetic read/write 
transducer (108) to write said electronic refer- 
ence track (114) at a second radius (r^s) on 
a second surface (112) of said magnetic disk 
(12) in response to signals generated by the 
first magnetic read/write transducer (76). 

1 6. A method for determining the drift in position of a 
magnetic read/write transducer (108) comprising 
the steps of: 

I) positioning a first magnetic read/write trans- 
ducer (76) over a permanent reference fea- 
ture (14) marked at a first radius (r ref ) on a first 
surface (23) of a magnetic disk (1 2) for provid- 
ing said magnetic read/write transducer (76) a 
positional reference region relative to a plur- 
ality of optical servo tracks (16) positioned on 
said surface (23), whereby the permanent ref- 
erence feature (14) comprises a plurality of 
depressions (26, 44) in said first surface (23) 
for generating a readback signal having a va- 
riable amplitude when said first magnetic 
r ad/writ transducer (76) is r ading magnet- 
ic data record don the reference feature (14); 
n) moving a second magnetic read/write 
transducer (108) until it is positioned v ran 
electronic refer nee feature (114) mark data 
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s cond radius (r rer s) on a s cond surface 
(112) of said disk (12); and 
o) noting th offset (E)r quired to position th 
s cond magnetic read/writ transducer (108) 
over said electronic reference feature (114). 



Patentanspruche 

1. Informationsspeichermedium (12) mitfolgenden 
Merkmaten: 

ein dreh bares, kreisfdrmiges magnetisches Me- 
dium (30, 30') mit einer ersten Oberf lache (23), 
die fureinen ersten magnetischen Schreib/Lese- 
Wandier (76) zugSnglich ist, 
eine kreisformige Bezugsmerkmalsspur die auf 
der ersten Oberflache (23) angeordnet ist (14, 
42, 52) und eine Vielzahl von radial angeordneten 
Vertiefungen (26, 44) in der ersten Oberflache 
(23) zum Erzeugen eines Leseprufeignals mitei- 
nem variablen Amplitudenmuster aufweist, wenn 
der erste magnetische Schreib/Lese-Wandler 
(76) Daten liest, die in der Bezugsspur (14) ma- 
gnetisch gespeichert sind, 
dadurch gekennzeichnet, 
daft das kreisformige magnetische Medium (30) 
eine Vielzahl von auf der ersten Oberflache (23) 
angeordneten optischen Servospuren (16, 16', 
16") umfa&t, um einem optischen Servowandler 
(60) Servopositionsinformationen (Stel lungs- 
Reg el daten) zu liefern, 

da& die Vertiefungen (26, 44) im wesent lichen 
die gleiche Breite (w) aufweisen und auf einem 
Radius (r^) angeordnet sind, um fur den magne- 
tischen Schreib/Lese-Wandler (76) relativ zu den 
optischen Servospuren einen zentralen Bereich 
(78) der Positionsbezugsspur zu schaffen und 
um ein variables Amplitudenmuster als eine Wel- 
lenform (90) mitmehreren Abschnitten (92) hdhe- 
rer Amplitude mit im wesentlichen der gleichen 
Hone zu erzeugen, deren Grd&e eine Funktion 
der Position des ersten magnetischen 
Schreib/Lese-Wandlers (76), bezogen auf den 
zentralen Bereich (78), ist 

2. Informationsspeichermedium nach Anspruch 1 , 
bei dem das magnetische Medium eine Diskette 
mit einer magnetischen Schicht (34) ist, die auf ei- 
nem flexiblen inerten Substrat (32) aufgebracht 
ist und bei dem die optischen Servospuren (16) 
eine Vielzahl von konzentrischen Ringen umfas- 
sen, die in die magnetische Schicht (34) einge- 
schrieben sind, wobei benachbarte Ringe durch 
Feld- der St gbereiche (18) voneinander ge- 
trennt sind, auf die Daten geschrieben sind und 
di einhdh resR fl xionsvermdgen als die k n- 
zentrischen Ringe besitz n. 



3. Informationsspeichermedium nach Anspruch 2, 
bei dem die Bezugsmerkmalsspur (14) ine Vi I- 
zahl von Vertief ung n (26) und ein Vi Izahl von 
Abstandsflachen (28) umfa&t, wob i die V rtie- 

5 fungen in die magnetische Schicht (34) einge- 

schrieben und entlang der kreisfdnmigen Spur auf 
der ersten Oberflache (23) angeordnet sind, und 
die Abstandsflachen (28) zwischen benach bar- 
ten Vertiefungen (26) angeordnet sind, um in 

10 dem ersten mag netischen Schreib/Lese-Wandler 
(76) von diesen Abstandsflachen (28) ein Lese- 
pruf signal hoherer Amplitude zu erzeugen, nicht 
aber von den Vertiefungen (26) 

15 4. Informationsspeichermedium nach Anspruch 2, 
bei dem die Bezugsmerkmalsspur aus einer in 
die Magnetschicht (34) als Aussparung einge- 
schrieben kreisformigen Spur (44) besteht und 
bei dem mehrere gleichmaBig zueinander 

20 beabstandete, erhdhte Bereiche (46) ungefahr in 
der Mitte der als Aussparung eingeschriebenen 
kreisfdnmigen Spur (44) angeordnet sind, um ein 
Datensignal mit einer hoheren Amplitude zu er- 
zielen, als es von der kreisfdnmigen Spur erzielt 

25 wird. 

5. Informationsspeichermedium nach einem der 
Anspruche 1 bis 4, 

bei dem die Bezugsmerkmalsspur (14) in die 
30 Oberflache (23) des magnetischen Mediums ein- 
geschrieben ist 

6. Informationsspeichermedium nach einem der 
Anspruche 1 bis 4, 

35 bei dem die Bezugsmerkmalsspur (14) in die 
Oberflache (23) des magnetischen Mediums ein- 
gepragt ist. 

7. Informationsspeichermedium nach einem der 
40 Anspruche 1 bis 6, 

bei dem die optischen Servospuren (16, 16', 16") 
aus mehreren konzentrischen Ringen bestehen, 
die in die erste Oberflache (23) eingeschrieben 
sind, wobei jeder der konzentrischen Ringe mit 
45 einem konstanten Abstand (f+g) von einem be- 
nachbarten konzentrischen Ring getrennt ist 

8. Informationsspeichermedium nach Anspruch 7, 
bei dem der konstante Abstand (f+g) nSherungs- 

50 weise 20.320 um betragt 

9. Informationsspeichermedium nach Anspruch 7 
oder 8, 

das mehrere Stegbereiche (18) umfa&t, auf de- 
55 nen Daten gespeichert werden k6nnen, wobei 

zwischen j dem der benachbart n konz ntri- 
sch n Ring ein Stegbereich ang ordnet ist und 
b id rdi Positionsinf rmati nd rPositi nsbe- 
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zugsspur (14) auf jeden dieserStegbereiche (18) 
als nullte Datenspur (36) bezogen ist 

10. Informationssp ich rm dium nach ein m der 
Anspruche 1 bis 9, mit folgenden Merkmalen: s 
eine zweite Oberflache (112), die fur einen zwei- 

ten magnetischen Schreib/Lese-Wandler (108) 
zuganglich ist; 

eine elektronische Bezugsspur (114), die von 
dem zweiten Lese/Schreib-Wandler (1808) auf 10 
derzweiten Oberf ISche (112) magnetisch aufge- 
zeichnet worden ist, und zwar in Abhangigkeit 
von einem elektrischen Signal, das in Richtung 
zu dem von dem ersten Lese/Schreib-Wandler 
(76) erzeugten Leseprufsignal stent, urn Positi- 15 
onsinformation uber den zweiten magnetischen 
Lese/Schreib-Wandler (108) relativ zum ersten 
Lese/Schreib-Wandler (76) zu lei fern, auf welche 
Positionsinformation eine nullte Datenspur auf 
der zweiten Oberf lache (112) bezogen wird, um 20 
den zweiten magnetischen Schreib/Lese- 
Wandler (108) relativ zu der Vielzahl der opti- 
schen Servospuren (16), die auf der ersten Ober- 
f I ache (23) angeordnet sind, auszurichten. 

25 

11. Informationsspeichermedium nach Anspruch 1, 
bei dem die Bezugsmerkmalsspur (14) eine auf 
der Oberflache (23) unausldschlich markierte, 
dauerhafte Bezugseinrichtung ist, die eine Viel- 
zahl von Vertiefungen (26), die ein Leseprufsi- 30 
gnal geringerer Amplitude ergeben, wenn die in 

den eingeschriebenen Be re ich en aufgezeichne- 
ten magnetischen Daten von dem magnetischen 
Schreib/Lese-Wandler (76) gelesen werden, so- 
wie eine Vielzahl von nicht eingeschriebenen Be- 35 
reiche (28) umfaftt, die zwischen den einge- 
schriebenen Bereichen eingestreut sind und ein 
Leseprufsignal hoherer Amplitude ergeben, 
wenn die auf den nicht eingeschriebenen Berei- 
chen aufgezeichneten magnetischen Daten von 40 
dem magnetischen Schreib/Lese-Wandler (76) 
gelesen werden, um fur den magnetischen 
Schreib/Lese-Transducer (76) relativ zu den op- 
tischen Servospuren (16, 16', 16") einen Positl- 
onsbezugsbereich zu schaffen. 45 

12. Informationsspeichermedium nach Anspruch 10, 
bei dem die Bezugsmerkmalsspur (14) benach- 
bartzu der §u&eren Peripherie des Mediums an- 
geordnet ist so 

13. Verfahren zur Bestimmung des Magnet-zu-Ser- 
voversatzes fur Transducer einen magnetischen 
Schreib/Lese-Wandler (76) und einen ptischen 
Servowandler (60) bestehend aus folgenden 55 
Schritt n: 

a) Einfuhr n in r Magnetplatt (12) in ein 
Piatt nlaufw rk, wobeidie Magnetplatte (12) 



mehr r optisch Servospuren (16) auf w ist, 
di auf der Ob rflach (23) d r Magnetplatte 
(12) markiert sind und in Vielzahl von 
gleichmafcig zueinander beabstand t r kon- 
zentrischer Ringe (18) umfo&t, sowie eine auf 
der Oberflache (23) angeordnete dauerhafte 
Bezugseinrichtung (14), die ein erkenn bares 
Leseprufsignal ergibt, wenn die in der dauer- 
hafte n Bezugseinrichtung (14) gespeicherten 
magnetischen Informationen von einem ma- 
gnetischen Wandler (76) gelesen werden, 

b) magnetisches Schreiben von Informatio- 
nen auf die Oberflache (23) und in die dauer- 
hafte Bezugseinrichtung (14) durch dem ma- 
gnetischen Wandler (76); 

c) Bestimmung der Position (78) der dauer- 
haften Bezugseinrichtung (14) durch Abta- 
sten der Oberflache (23) durch den Wandler 
(76) bis zum Auff inden des wiedererkennba- 
ren Leseprufsignals; 

d) Positionieren des magnetischen Wandlers 
(76) relativ zu der Bezugseinrichtung (14); 
und 

e) Aufzeichnen eines Versatzwertes fur den 
optischen Servowandler (60), der eine Entfer- 
nung (N) anzeigt, um den deroptische Servo- 
wandler (60) zu der Servospur (16) versetzt 
isL 

14. Verfahren nach Anspruch 13, mit den folgenden 
zusatzlichen Schritten: 

f) Aufzeichnen der Position der Bezugsein- 
richtung (14), nachdem ihre Lage bestimmt 
worden ist; 

g) Ldschen dieser magnetischen Information; 
und 

h) Neuschreiben magnetischer Information 
an der Position der Bezugseinrichtung (14). 

15. Verfahren zum Schreiben einer elektrontschen 
Bezugsspur (114) auf einer Magnetplatte (12) 
umfassend die folgenden Schritte: 

I) Positionieren eines ersten magnetischen 
Schreib/Lese- Wandlers (76) uber einer dau- 
erhaften Bezugseinrichtung (14), die bei ei- 
nem ersten Radius (r„f) auf einer ersten Ober- 
flache (23) der Magnetplatte (12) markiert 
worden ist, um fur den magnetischen 
Schreib/Lese-Wandler (76) relativ zu der Viel- 
zahl der optischen Servospuren (16), die auf 
der Oberflache (23) angeordnet sind, ein Po- 
sitions bezugsgebiet zu schaffen, wobei die 
Bezugseinrichtung mehrere Vertiefungen 
(26, 44) umfa&t, um ein Leseprufsignal mit va- 
riabl r Amplitud zu erzeugen, wenn der er- 
st magn tisch Schreib/L se-Wandl r (76) 
Dat n Nest, di in der Bezugseinrichtung (14) 
magnetisch gespeichert sind; und 
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m) in zw iter magnetischer Schreib/L s - 
Wandler (108) wird dazu g bracht, di lek- 
tronische B zugsspur (114) b i inem zw i- 
t n Radius (r rer s) auf einer zw iten Oberfla- 
che (112) der Magnetplatte (12) einzuschrei- 5 
ben, 

und zwar in Abhangigkeit von Signalen, die 
von dem ersten magnetischen Schreib/Lese- 
Wandler (76) erzeugt werden. 

10 

16. Verfahren zur Bestimmung der Stellungsdrift ei- 
nes magnetischen Schreib/Lese-Wandlers (108), 
umfassend die folgenden Schritte: 

I) Positionieren eines ersten magnetischen 
Schreib/Lese-Transducers (76) uber einer, 15 
bei einem ersten Radius (r^) auf einer ersten 
Oberf lache (23) einer Magnetplatte (12) mar- 
kierten, dauerhaften Bezugseinrichtung (14), 
urn fur den magnetischen Schreib/Lese- 
Wandler (76) relativ zu mehreren optischen 20 
Servospuren (16), die auf der Oberf lache (23) 
angeordnet sind, ein Positionsbezugsgebiet 
zu schaffen, wobei die dauerhafte Bezugs- 
einrichtung (14) eine Vielzahl von Vertiefun- 
gen (26, 44) in der ersten Oberf I ache (23) urn- 25 2. 
faftt, urn ein Leseprufsignal miteinervariablen 
Amplitude zu schaffen, wenn der erste ma- 
gnetische Schreib/Lese-Wandler (76) Daten 
liest, die in der Bezugseinrichtung (14) ma- 
gnetisch gespeichert sind; und 30 
n) Bewegen eines zweiten magnetischen 
Schreib/Lese-Wandlers (108) bis er uber ei- 
ner etektronischen Bezugseinrichtung (114) 
angeordnet ist, die bei einem zweiten Radius 
(■Vers) auf einer zweiten Oberf l§che (1 1 2) der 35 
Magnetplatte (12) markiert ist; und 
o) Aufzeichnen des Versatzes (E), der erfor- 
derlich ist, um den zweiten magnetischen 3. 
Schreib/Lese-Wandler (1 08) uber der elektro- 
nischen Bezugseinrichtung (114) zu positio- 40 
nieren. 



Revendications 

45 

1. Support de memorisation d'information (12) 
comprenant : 

un support magnetique circulaire mobile 
en rotation (30, 30') comportant une premiere 
face (23) qui est accessible par un premier trans- so 
ducteur magnetique de lecture/denture (76) ; 4. 

une piste circulaire de caracteristiques de 
reference (14, 42, 52) placees sur ladite premiere 
face (23) et comprenant un pluralite de creux 
disposes radialem nt (26, 44) dans ladite premie- 55 
re face (23) pour produire un signal d I ctur 
ayant un form d'amplitud variable lors de la 
I ctur , par I dit premier transducteur magneti- 



que d I cture/ecritur (76), des donnees ma- 
gnetiques nr gistrees sur la pist d caracteris- 
tiqu s de refer nc (14) ; 
caractense : 

en ce que ledit support magnetique circu- 
laire (30) comprend une pluralite de pistes d'as- 
servissement optique (16, 16', 16") placees sur 
ladite premiere face (23) pour delivrer une infor- 
mation d'asservissement de positionnement a un 
transducteur d'asservissement optique (60) ; 

en ce que lesdits creux (26, 44) ont sensi- 
blement la meme largeur (w) et sont agences sur 
un rayon (r ref ) pour fournir audit transducteur de 
lecture/ecriture (76) une zone centrale (78) de 
piste de reference de position par rapport auxdi- 
tes pistes d'asservissement optique, et pour pro- 
duire ladite combinaison d'amplitude variable 
sous forme d'une forme d'onde (90) ayant une 
pluralite d'elements d'amplitude plus etevee (92) 
sensibiement du meme niveau, dont ramplitude 
est une fonction de la position du premier trans- 
ducteur magnetique de lecture/ecriture (76) par 
rapport a ladite zone centrale (78). 

Support de memorisation d'information selon la 
revendication 1, dans lequel le support magneti- 
que est un disque souple comprenant une couche 
magnetique (34) deposed sur un substrat inerte 
soupte (32) ; et dans lequel les pistes d'asservis- 
sement optique (16) comprennent une pluralite 
de sillons concentriques traces dans ladite cou- 
che magnetique (34), des sillons adjacents etant 
separes Tun de I'autre par une surface entre sil- 
lons (18) sur laquelle la donnee est ecrite et qui 
a une reflectlvite plus grande que lesdits sillons 
concentriques. 

Support de memorisation d'information selon la 
revendication 2, dans lequel la piste de caracte- 
ristiques de reference (14) comprend une plura- 
lite de creux (26) graves dans ladite couche ma- 
gnetique (34) et disposes le long de ladite piste 
circulaire sur ladite premiere face (23), et une plu- 
ralite de zones separatrices (28) disposees entre 
des creux (26) adjacents pour produire, dans ledit 
premier transducteur magnetique de lecture/ecri- 
ture (76), a partir desdites zones separatrices 
(28) un signal de lecture d'amplitude plus elevee 
que celui produit a partir desdits creux (26). 

Support de memorisation d'information selon la 
revendication 2, dans lequel la piste de caracte- 
ristiques de reference comprend une piste circu- 
laire en creux (44) tracee dans ladit couche ma- 
gnetique (34) ; et une pluralite de zones surele- 
ve s regulierem nt espacees (46) place s au 
centre approximatif d ladit pist circulair n 
creux (44) p ur donner un signal d donnees 
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d' amplitude plus 6lev6e que celui donne parladi- 
te piste circulaire. 

5. Support de memorisation d'information s Ion 
Tune quelconque des revendications 1 a 4, dans 
lequel : 

la piste de caracteristiques de reference 
(14) est grav6e dans la face (23) du support ma- 
gnetique. 

6. Support de memorisation d'information selon 
Tune quelconque des revendications 1 a 4, dans 
lequel : 

la piste de caracteristiques de reference 
(14) est en relief sur la face (23) du support ma- 
gnetique. 

7. Support de memorisation d'information selon 
Tune quelconque des revendications 1 a 6, dans 
lequel : 

les pistes optiques d'asservissement opti- 
que (16, 16', 16") comprennent une pluralite de 
sillons concentriques traces dans ladite premiere 
face (23), chacun desdits sillons concentriques 
etant separe d'un sillon concentrique adjacent 
par une distance constante (f+g). 

8. Support de memorisation d'information selon la 
revendication 7, dans lequel : 

ladite distance constante (f+g) est d'envi- 
ron 20,320 u.m. 

9. Support de memorisation d'information selon la 
revendication 7 ou 8, comprenant en outre : 

une pluralite de surfaces entre sillons (18) 
sur lesquelles des donnees peuvent 3tre en regis- 
tries, Tune des surfaces entre sillons etant pla- 
cee entre deux desdits sillons concentriques ad- 
jacents, et chacune desdites surfaces entre sil- 
lons (18) etant prise comme reference, en tant 
que piste de donnees de z6ro de piste (36), a par- 
tir de I'information de position de ladite piste de 
reference de position (14). 

10. Support de memorisation d'information selon 
Tune quelconque des revendications 1 a 9, 
comprenant en outre : 

une seconde face (112) qui est accessible 
par un second transducteur magnetique de lectu- 
re/ecriture (108) ; et 

une piste de reference electron ique (114) 
enregistree de man fere magnetique sur ladite se- 
conde face (112) par ledit second transducteur 
magnetique de lecture/ecriture (1 08), n repons 
a un signal electrique lie audit signal de lecture 
produit par ledit premier transducteur magneti- 
qu de I cture/ecriture (76) p ur fournir un in- 
formation de position concernant I dit second 



transducteur magnetique d tecture/ecriture 
(108) par rapport audit pr mier transducteur ma- 
gn6tiqu de i cture/ecritur (76), a partir de la- 
quell information de position une pist de don- 

5 n6es de zero de piste est prise comme reference 

sur ladite seconde surface (112) pour aligner ledit 
second transducteur magnetique de lecture/ecri- 
ture par rapport a la pluralite de pistes d'asservis- 
sement optique (16) situ6es sur tadite premiere 

10 face (23). 

11. Support de memorisation d'information selon la 
revendication 1 , dans lequel ladite piste de carac- 
teristiques de reference (14) est une caracteristt- 

15 que de reference permanente grav6e de man fere 
indeiebile sur ladite face (23), comprenant une 
pluralite de creux (26), qui donnent un signal de 
lecture d'amplitude plus faible lorsque la donnee 
magnetique enregistree sur lesdites zones gra- 
20 vees est lue par ledit transducteur de donnees 
magnetiques de lecture/ecriture (76), et une plu- 
ralite de zones non grav6es (28), interpos6es en- 
tre lesdites zones gravies, qui donnent un signal 
de lecture d'amplitude plus £lev£e lorsque ta 
25 donnee magnetique enregistree sur lesdites zo- 
nes non gravies est lue par ledit transducteur 
magnetique de lecture/ecriture (76), pour fournir 
audit transducteur magnetique de lecture/ecritu- 
re (76) une zone de reference de position par rap- 
so port aux pistes d'asservissement optique (16, 
16', 16"). 

12. Support de memorisation d'information selon la 
revendication 10, dans lequel ladite piste de ca- 

35 racteristiques de reference (14) est placee au voi- 
sinage du perimetre exterieurdu support. 

13. Procede pour determiner le decalage d'un trans- 
ducteur magnetique par rapport a un transduc- 

40 teur d'asservissement pour un transducteur ma- 
gnetique de lecture/ecriture (76) et un transduc- 
teur d'asservissement optique (60) qui comprend 
les etapes : 

a) d'introduction d'un disque magnetique (12) 
45 dans un systeme de memoire a disque, le dis- 
que magnetique (12) possedant une pluralite 
de pistes d'asservissement optique (16) tra- 
c6es sur une face (23) du disque magnetique 
(12) et comprenant une pluralite de sillons 

50 concentriques (18) regulierement espaces, et 

une caracteristique de reference permanente 
(14) placee sur ladite face (23) qui donne un 
signal de lecture reconnaissable lorsque ('in- 
formation magnetique enr gistrie sur ladite 

55 caracteristique de reference permanente (1 4) 

estlu par un transducteur magnetiqu (76); 

b) d'ecritur de facon magnetiqu d'inf rma- 
ti ns sur ladite face (23) et sur ladite caracte- 
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ristique de r6f6renc permanente (1 4) a ('aide 
dud it transducteur magnetiqu (76) ; 

c) d determination d'un mplacem nt(78)de 
ladit caracteristiqu de r^rence permanen- 
te (14) par defacement dudit transducteur 5 
magnetique (76) sur ladite face (23) jusqu'a 

ce que ledit signal de lecture reconnaissable 
soit detecte ; 

d) de positionnement dudit transducteur ma- 
gnetique (76) par rapport a ladite caracteristi- 10 
que de reference (14) ; et 

e) de constatation d'une vateur de decalage 
dudit transducteur d'asservissement optique 
(60) qui indique une distance (N) dont ledit 
transducteur d'asservissement optique (60) 15 
est d6cal6 par rapport a une piste d'asservis- 
sement (16). 

14. Precede selon la revendicatbn 13, comprenant 

en outre les stapes : 20 

f) d'enregistrement de la position de ladite ca- 
racteristique de reference (14) apres que son 
emplacement a ete determine ; 

g) d'effacement de ladite information magne- 
tique ; et 25 

h) de reecriture de ('information magnetique 
dans la position de ladite caracteristique de 
reference (14). 

15. Proc6de pour ecrire une piste de reference eiec- 30 
tronique (114) sur un disque magnetique (12) 
comprenant les 6tapes : 

I) de positionnement d'un premier transduc- 
teur magnetique de lecture/ecriture (76) sur 
une caracteristique de reference permanente 35 
(14) trac£e a un premier rayon Ow) sur une 
premiere face (23) du disque magnetique (12) 
pour fournir audit transducteur magnetique 
de lecture/ecriture (76) une region de referen- 
ce de position par rapport a une plurality de 40 
pistes d'asservissement optique (16) situ£es 
sur ladite face (23), et comprenant une plura- 
lite de creux (26, 44) dans ladite premiere face 
(23) pour produire un signal de lecture ayant 
une amplitude variable lors de la lecture, par as 
ledit premier transducteur magnetique de lec- 
ture/ecriture (76), d'une donn6e magnetique 
enregistree sur la caracteristique de referen- 
ce (14) ; et 

m) de decienchement de recriture, par un se- so 
cond transducteur magnetique de lectu- 
re/ecriture (108), de ladite piste de reference 
eiectronique (114) a un second rayon (r rer s) 
sur une s cond face (112) dudit disque ma- 
gnetique (12) en rep ns aux signaux pro- 55 
duitsparl pr mier transducteur magnetiqu 
de lecture/ecriture (76). 



16. Precede pour determin r la derive d p sition 
d'un transducteur magnetiqu d I ctur /ecriture 
(108) comprenant I s etapes : 

I) d position nem nt d'un premier transduc- 
teur magnetique de lecture/ecriture (76) sur 
une caracteristique de reference permanente 
(14) trac6e a un premier rayon (r^) sur une 
premiere face (23) du disque magnetique (12) 
pour fournir audit transducteur magnetique 
de lecture/ecriture (76) une region de referen- 
ce de position par rapport a une plurality de 
pistes d'asservissement optique (16) situees 
sur ladite face (23), ce par quoi ladite carac- 
teristique de reference permanente (14) 
comprend une plural ite de creux (26, 44) dans 
ladite premiere face (23) pour produire un si- 
gnal de lecture ayant une amplitude variable 
lors de ia lecture, par ledit premier transduc- 
teur magnetique de lecture/ecriture (76), 
d'une don nee magnetique enregistree sur la 
caracteristique de reference (14) ; 
n) de defacement d'un second transducteur 
magnetique de lecture/ecriture (108) jusqu'a 
ce qu'ii soit situe sur une caracteristique de 
reference eiectronique (114) tracee a un se- 
cond rayon (r rof -s) sur une seconde face (112) 
dudit disque (12) ; et 

o) de constatation du decalage (E) necessaire 
pour placer le second transducteur magneti- 
que de lecture/ecriture (108) sur ladite carac- 
teristique de reference eiectronique (114). 
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Fig-4 
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